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PREFACE 


The  Air  Weather  Service  (AWS)  is  tasked  by  APR  35S-1/  14  Kay  1979,  (para  2-12g) 
to  provide  diffusion  predictions  for  toxic  chemicals  released  to  the  atmdsphere.  This 
technical  report  presents  several  forms  of  a  simple  technique  for  use  by  AWS 
detachment  forecasters  for  determining  toxic  corridors  in  the  event  of  an  accidental 
spill  or  release  to  the  atmosphere  of  a  toxic  chemical.  These  techniques  are  largely 
based  upon  AWS  Pamphlet  105-57,  "Calculation  of  Toxic  Corridors,"  (which  has  been 
rescinded),  AWSTR  176,  "Diffusion  Forecasting  for  TITAN  II  Operations,"  and  AFGL 
Report,  "The  Ocean  Breeze  and  Dry  Gulch  Diffusion  Program,  Volume  II."  Additional 
information  can  be  found  in  AWSTR  214,  "Guide  to  Local  Diffusion  of  Air  Pollutants". 
These  references  and  others  pertaining  to  the  Ocean  Breeze  and  Dry  Gulch  programs  and 
toxic  corridor  forecasting  ate  listed  in  the  references. 

The  basic  technique  of  using  toxic  corridor  tables  calculated  from  the  Ocean 
Breeze  and  Dry  Gulch  equation  has  been  in  use  for  nearly  two  decades  by  weather  units 
supporting  TITAN  missile  operations.  During  that  period  slight  modifications  and 
refinements  to  the  procedures  liave  been  made  but  the  basis  for  the  technique  has 
remained  the  same.  This  technical  report  continues  the  use  of  the  above  equation  to 
determine  toxic  corridor  lengths  and  contains  additional,  alternative  approaches  for 
arriving  at  the  same  answer.  This  additional  flexibility  should  allow  AWS 
forecasters  the  opportunity  tn  select  the  means  of  making  these  calculations  that  is 
best  suited  to  their  particular  situation. 
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Chapter  1 
INTRODUCTION 


The  duty  forecastc  r  answers  the  telephone  and  receives  the  following  message:  "A 
tank  truck  carrying  liquid  chlorine  jack-knifed  near  the  main  gate.  The  tank 
ruptured  and  is  spewing  chlorine  all  over,  A  large  chlorine  gas  cloud  is  moving 
across  the  base  toward  the  housing  area.  We  need  to  know  what  areas  should  be 
evacuated . " 

At  this  point,  the  duty  forecaster  must  realize  that  a  toxic  corridor  is  required 
and  must  know  how  to  prepare  one.  A  large  number  of  lives  may  depend  upon  this 
forecaster's  response. 

The  potential  for  this  type  of  accident  exists  virtually  everywhere.  It  is  not 
necessary  that  toxic  chemicals  routinely  be  moved,  used,  or  stored  on  your 
installation.  Any  installation  located  near  highways  or  railroads  is  a  potential 
candidate  for  a  toxic  spill  from  trucks  or  trains  that  transport  chemicals  along 
these  routes.  The  call  for  a  toxic  corridor  forecast  will  likely  come  when  least 

expected.  Will  you  be  ready  to  respond  rapidly  and  accurately  to  such  a  request? 

This  report  outlines  specific  procedures  to  swiftly  provide  toxic  corridor 
information  based  upon  atmospheric  diffusion  considerations  at  the  time  of  an 

emergency.  Several  different  approaches  to  calculeting  toxic  corridors  are 
presented.  These  techniques  ate  based  upon  the  observe'*  and  forecast  wind, 

temperature  difference  between  ‘i4  feet  and  6  feet  (delta-T)  ,  and  information 

pertaining  to  the  toxic  chemical  that  has  been  spilled  or  released  to  the  atmosphere. 

Toxic  corridors  represent  emergency  evacuation  areas  downwind  of  accidental 
spills  of  toxic  chemicals.  These  spills  can  occur  anywhere  toxic  chemicals  are 
handled  or  transporteu  such  as  missile  sites,  chemical  storage  areas,  or  along  rail, 
water,  and  highway  shipping  routes.  Specifically,  a  toxic  corridor  is  the  area 

\;ithin  which  the  risk  to  people  from  excessive  vapor  concentrations  exceeds  an 

acceptable  level. 

Assuming  correct  input  parameters  are  used,  the  toxic  corridor  calculated  using 
the  techniques  presented  in  this  report  will  result  in  an  area  within  which  the 
probability  is  90  percent  that  concentrations  above  a  specified  limit  will  be 
contained.  In  many  cases,  this  specified  concentration  will  be  an  estimated  or 
established  Short-Term  Public  Emergency  Limit  (SPEL) .  The  National  Academy  of 

Sciences  Committee  of  Toxicology  (1979)  has  established  exposure  limits  for  a  large 
number  of  toxic  chemcials. 

The  boundary  of  a  toxic  corridor  does  not  represent  a  clearly  defined  line  where 
one  side  represents  a  hazard  and  the  other  side  complete  safety.  Remember,  a 
10-percent  probability  exists  that  an  exposure  limit  can  be  exceeded  outside  of  the 
specified  corridor. 

A  toxic  cettidot  calculated  using  this  report  represents  a  quick  response 
approach  to  an  emergency  situation  that  should  minimize  the  risks  while  not  requiring 
excessive  areas  to  be  evacuated.  The  calculation  procedures  are  simple,  rapid,  and 
suited  to  emergency  situations. 
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Chapter  2 

SUGGESTIONS  AND  CAUTIONS  IN  CALCULATING  TOXIC  CORRIDORS 


Lack  of  Tables  for  a  Particular  Toxic  Chemical 


Occasionally,  a  corridor  table  not  included  in  this  report  may  be  required  for 
•'se  with  Method  1.  If  assistance  in  obtaining  this  information  is  required,  submit  a 
request  through  channels  to  Headquarters  Air  Weather  Service,  DCS  Aerospace  Sciences. 

If  you  wish  to  pursue  the  problem  yourself,  ask  your  local  Bioenvironmental 
Engineer  (BEE)  for  help.  First  determine  the  appropriate  exposure  limit.  Normally, 
this  will  be  the  30-ininute  Short-Term  Public  Emergency  Limit  (SPEL) .  Unfortunately, 
SPEL's  have  not  been  established  for  many  toxic  chemicals.  A  gram  molecular  weight 
for  the  toxic  chemical  is  also  needed.  If  a  SPEL  has  not  been  established,  work  out 
an  acceptable  exposure  limit  for  the  toxic  chemical  with  the  BEE,  It  is  not  the 
intent  of  this  report  to  provide  a  procedure  for  determining  an  exposure  limit.  Once 
an  exposure  limit  and  a  gram  molecular  weight  has  been  established,  Method  2,  3,  or  4 
can  be  used  to  determine  a  toxic  corridor.  If  you  prefer,  produce  a  toxic  corridor 
table  and  use  Method  1.  Plan  ahead  for  any  credible  emergency.  Obviously,  it  would 
be  impractical  to  begin  developing  new  tables  during  an  emergency. 


Wind  Direction  Variability  (R) 

Instructions  for  determining  wild  direction  variability,  which  is  directly 
related  to  the  lateral  diffusion  of  the  toxic  chemical,  are  provided  in  the  steps  for 
calculating  toxic  corridors  by  each  method.  At  locations  where  direct  readouts  of 
wind  direction  standard  deviations  (Oe)  available,  wind  direction  variability  (R) 
is  approximately  equal  to  (16/3)  This  makes  the  corridor  width  (W)  ,  which  is 
1,5R,  equal  to  8  i.e.,  (3/2)  *(16/3)  oq  »  8  oq  (Taylor,  1963), 


Types  of  Corridors 

Organizations  that  operate  TITAN  II  sites  are  prime  users  of  toxic  corridor 
forecasts  by  Air  Weather  Service  units.  Strategic  Ait  Command  (SAC)  Bioenvironmental 
personnel  have  worked  closely  with  the  3cd  Weather  Wing  Staff  in  carefully  planning 
the  use  of  these  toxic  corridor  diffusion  forecasts.  SACR  355-5  defines  different 
types  of  corridors  based  upon  operational  requirements.  The  definitions  below  are 
examples  of  the  ways  these  diffusion  forecasts  are  used. 

a.  A  Propellant  Emission  Corridor  is  established  when  planned  emission  of 
propellants  are  to  occur,  e.g.^  tank  Anting  or  purging  operations.  The  exposure 
limit  used  for  calculating  this  type  of  toxic  corridor  is  the  10~minute  Short-Term 
Public  Limit  (STPL) ,  Since  this  is  a  scheduled  occurrence,  a  decision  must  be  made 
as  to  whether  the  planned  task  can  be  performed  without  unacceptable  exposures  to  the 
gen>»tal  public. 

b.  A  Potential  Hazard  Corridor  is  established  when  no  tclcaao  cf  piopellants  to 
the  environment  is  planned,  but  propellants  will  be  in  a  nonstatic,  e.g.,  propellant 
transfer,  mode.  The  10-,  30-,  and  60-ninute  Short-Term  Public  Emergency  Limits 
(SPEL)  are  used  as  exposure  limits  for  calculating  these  toxic  corridors. 

c.  An  Operational  Hazard  Corridor  is  established  and  periodically  updated  if  an 
,actual  propellant  spill  or  mishap  occurs.  Immediate  steps  must  be  taken  to  evacuate 

unprotected  personnel  from  the  established  potential  hazard  cort  idor  until  the  exact 
size  of  the  operational  hazard  corridor  is  established.  The  10-,  30-,  and  60-minute 
Short-Term  Public  Emergency  Limits  (SPEL)  are  used  as  the  exposure  limits  for 
calculating  these  toxic  corridors.  Notes  The  primary  difference  between  potential 
and  operational  hazard  corridc  s  is  that  the  former  is  calculated  in  anticipation  of 
a  potential  spill  and  the  latter  after  a  spill  has  occurred. 
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The  Time  Factor 

A  major  consideration  during  emergencies  created  by  accidental  spills  of  toxic 
chemcials  is  the  reaction  time  requited  to  evacuate  people  from  the  hazardous  area. 
Plans  for  emergency  evacuation  should  be  established  so  that  evacuation  is  started 
without  delay.  Therefore,  evacuation  might  have  started  before  a  toxic  corridor 
calculation  can  be  made.  The  following  steps  outline  one  possible  sequence  of 
events . 

a.  As  soon  as  a  toxic  spill  occurs,  the  Disaster  Response  Force  (DRF)  clears  an 
area  of  a  predetermintd  radius  around  the  spill  site.  Base  Weather  is  notified  and 
provides  wind  information  (direction  and  speed)  representative  of  the  spill  location 
at  that  time.  In  some  instances,  e  .g . ,  at  TITAN  missile  sites,  wind  and  temperature 
difference  information  normally  will  be  provided  to  Base  Weather  from  the  site  of  the 
spill . 

b.  The  DRF  begins  evacuating  areas  downwind  of  the  site  staying  as  far  ahead  of 
the  leading  edge  of  the  toxic  cloud  as  possible.  The  leading  edge,  even  if  visible, 
may  not  be  the  toxic  edge  of  the  cloud. 

c.  Base  Weather  completes  toxic  corridor  forecast  calculations  and  relays  the 
information  to  the  DRF  which  completes  the  evacuation  of  tlie  toxic  corridor. 

d.  Base  Weather  continues  close  monitoring  at  u.ather  conditions,  updates  the 
toxic  corridor  forecast  as  necessary,  and  relays  any  significant  changes  to  the  DRF. 


Potential  Sources  of  Error 

Several  potential  sources  of  error  might  contribute  to , an  erroneous  estimate  of 
toxic  corridors.  Errors  can  occur  when  measuring  or  estimating  the  temperature 
difference  (delta-I)  and  when  estimating  source  strength  and  trends  in  meteorological 
parameters.  Other  errors  may  stem  from  peculiarities  of  the  toxic  chemical,  terrain 
effects  that  alter  the  wind  and  diffusion  characteristics  of  the  atmosphere,  and  the 
horizontal  homogeneity  assumption.  Each  of  these  potential  error'  sou’‘ces  are  briefly 
discussed  in  this  section. 

Toxic  corridor  lengths  are  extremely  sensitive  to  the  delta-T  values  used  in 
making  the  calculations.  For  example,  a  l^F  error  in  delta-T  can  result  in  an  erior 
as  large  as  40  percent  in  the  corridor  length.  Appendix  D  provides  additional 
Information  on  this  error. 

Source  strength  errors  ate  not  as  critical  as  delta-T  errors;  however,  source 
strength  is  much  more  difficult  to  estimate  than  delta-T.  Corridor  lengths  are 
approximately  proportional  to  the  square  root  of  the  source  strength.  Appendix  C 
contains  information  on  this  error. 

Past  experience  and  research  have  shown  that  gases  such  as  chlorine  which  are 
considerably  denser  than  air  do  not  initially  disperse  in  the  same  way  as  gases  with 
densities  nearly  the  same  as  air-  When  a  large  amount  of  dense  gas  is  released  at 
one  time,  the  spill  will  form  a  density  front  and  initially  sputad  in  all  directions 
at  once.  This  can  result  in  a  situation  where  the  upwind  edge  of  a  highly  con¬ 
centrated  gas  cloud  travels  against  the  wind  and  spreads  upwind  of  the  spill  site. 
Whether  or  not  the  upwind  edge  of  a  dense  gas  cloud  travels  against  the  wind  depends 
upon  whether  or  not  the  velocity  of  the  density  front  is  greater  than  the  wind 
velocity.  The  denHity  EiunL  also  causes  the  initial  lateral  spread  of  the  cloud  to 
be  larger  than  normal.  Vertical  spread  of  the  gas  will  be  initially  much  less  than 
normal  and  the  gas  cloud  will  tend  to  hug  the  ground,  especially  if  there  is  no  added 
buoyancy  due  to  heating/combustion.  The  cloud  will  flow  downhill  and  tend  to  follow 
errain  features  such  as  rivers  and  valleys  and.  again,  may  somewhat  "ignore"  the 
direction  of  the  wind.  After  the  gas  cloud  has  traveled  a  sufficient  distance  and 
entrained  enough  air.  Its  dent-iFy  will  be  similar  to  that  of  air  allowing  it  to 
diffuse  in  a  mote  classical  Gaussian  manner  (van  Ulden,  1974  and  Eidsvik,  1978). 

The  dense  gas  effect  may  cause  toxic  corridors  to  be  longer  than  calculated, 
particularly  when  the  delta-T  is  negative.  Preliminary  results  of  comparisons 
between  a  dense  gas  model  and  the  Ocean  Breeze  and  Dry  Gulch  model  indicate  that  the 
differences  bet-w<»on  calculated  corridor  lengths  tend  to  disappear  under  extremely 
stable  (large,  positive  delta-T)  atmospheric  conditions.  Research  into  the  dense  gas 
problem  is  on-golng  and  should  result  in  more  definitive  guidance  in  the  future. 
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Terrain  and  surface  roughness  elements  can  affect  not  only  the  atmospheric 
dispersion  but  also  the  wind  direction  and  speed.  The  procedure  for  estimating 
delta~T  (Table  B-1)  calls  for  adding  -l^F  to  the  estimated  value  if  the  toxic  spill 
occurs  in  rough  terrain.  Atmospheric  diffusion  can  be  enhanced  by  the  increase  in 
turbulence  caused  by  flow  over  rough  terrain.  Large  buildings  and  terrain  features 
such  as  hills  and  bodies  of  water  can  alter  wind  direction  downwind  of  a  spill. 
Sinct  wind  speed  is  used  in  terms  of  several  categories  in  Table  B-1  and  does  not 
appear  in  the  Ocean  Breeze  and  Dry  Gulch  equation,  a  precise  value  is  not  critical; 
however,  the  correct  category  is  as  important  as  the  temperature  difference  (dclta-T) 
value.  These  effects  must  be  considered  when  defining  a  toxic  corridor. 

Toxic  corridor  forecast.^  should  be  updated  when  wind  direction  changes  occur  or 
ate  forecast  to  occur.  These  changes  may  be  due  to  several  causes  including  1) 
passage  of  a  front  or  trough,  2)  the  onset  of  drainage  winds  in  mountainous  regions 
and,  3)  shore  line  wind  direction  reversals  over  coastal  regions. 

There  are  several  reasons  why  the  temperature  difference  values  in  Table  B-1 
should  be  modified  when  there  is  a  toxic  chemical  release  in  or  very  near  forested 
areas.  Empirical  data  show  that  chemical  plumes/clouds  under  forest  canopies  tend  to 
expand  to  much  larger  volumes,  at  shorter  travel  distances,  than  those  on  generally 
open,  relatively  level  terrain.  Field  data  also  show  that  wind  speeds  under 
canopies  are  much  lower  than  wind  speeds  measured  on  open,  level  terrain  at  any  given 
time.  Thus,  chemical  plumes/clouds  travel  much  farther  in  a  given  time  over  open, 
level  terrains  than  they  do  in  forests  under  any  given  weather  situation.  Although 
Johnson  (1980)  contains  an  extensive  table  of  corrections  applicable  to  a  computer- 
based  model  developed  for  the  Department  of  Defense  (DOD) ,  directly  applying  the 
corrections  to  the  methods  in  this  report  is  neither  possible  nor  warranted.  Rather, 
if  a  toxic  chemical  release  occurs  in  a  forest  or  is  forecast  to  flow  into  a  forest 
immediately  after  release,  the  forecaster  should  use  the  next  lower  wind  speed 
category  to  that  normally  applicable  if  the  out-of-canopy  wind  speed  exceeds  3  knots. 
Then,  add  (-1)  to  the  number  in  Table  B-1  before  entering  the  appropriate  toxic 
corridor  length  table.  This  approximation  does  not  justify  using  a  number  more 
negative  than  (-4)  in  calculating  toxic  corridor  length,  even  if  the  spill  is  in 
rough  terrain. 

Any  diffusion  estimation  technique  that  uses  one  set  of  meteorological  parameters 
as  inputs  assumes  the  conditions  described  by  these  parameters  arc  horizontally 
homogeneous;  i.e,,  they  do  not  change  in  the  horizontal.  Over  relatively  flat  and 
uniform  terrain  this  assumption  is  valid;  however,  the  forecaster  must  insure  that 
factors  affecting  the  representativeness  of  the  input  data  for  a  toxic  corridor 
forecast  have  been  considered. 

The  important  aspect  of  considering  potential  sources  of  error  is  to  know  what 
they  are  and  to  watch  for  them  in  your  particular  situation.  Remember  that  the 
procedures  in  his  report  are  intended  for  emergency  situations  and  must,  therefore# 
be  kept  as  simple  as  possible.  Time  does  not  permit,  and  sufficient  meteorological 
data  will  not  usually  be  available  to  run  a  fine-grid  numerical  model.  Thus,  a  quick 
and  simple  technique, -tempered  by  forecaster  judgement,  must  be  used  to  produce  a 
best  estimate  of  the  hazard  area. 


Chapter  3 

CALCULATING  TOXIC  CORRIDORS 


The  followinq  chaotors  contain  steo-Jiy-stco  instructions  for  calculating  tojcic: 
coctidots  using  any  of  four  methods.  Since  the  results  of  toxic  corridor 
calculations  are  virtually  the  same,  regardless  of  the  method  used,  the  method  of 
choice  will  likely  depend  on  frequency  of  forecast  request,  experience  of  the 
forecaster  in  making  this  forecast,  availability  of  a  toxic  corridor  length  table  for 
the  released  chemical,  and  availability  of  a  TI-59  programmable  calculator.  Method  1 
will  most  likely  be  used  if  there  is  a  toxic  corridor  length  table  for  the  chemical; 
Method  2  if  there  is  no  table.  Method  3  requires  more  independent  data  and  would  be 
applicable  for  unusual  combinations  of  toxic  chemicals  and  exposure  limits.  Method  4 
may  be  preferred  by  those  skilled  in  using  programmable  calculators  where  specific 
situations  can  be  handled  by  executing  the  genertil  equations  in  this  report.  The 
separate  sections  for  each  method  are  self-contained  except  that  the  suggested 
worksheet  is  in  Appendix  A  and  procedures  for  determining  meteoroiogical  elements  are 
in  Appendix  H,  In  all  tour  methods,  the  technique  to  determine  the  corridor  is  a 
quick,  objective,  persistence  forecast.  The  forecaster  should  be  alert  to  factors 
that  could  change  the  wind  direction/variability  and  speed.  Atmospheric  stability, 
as  reflected  by  delta-T,  changes  from  hour  to  hour  during  the  day.  Calculations 
should  be  repeated  if  major  variables  such  as  .source  strength,  dclta-T,  wind  speed, 
wind  direction,  or  wind  variability  change. 


Further  Cons ideration 

The  toxic  area  should  bo  evacuated  until  the  DRF  determines  that  the  hazard  no 
longer  exists.  Disaster  teams  should  approach  from  the  upwind  side  and  wear 

appropriate  protective  equipment.  It  is  important  to  realize  that  the  toxic  material 

may  diffuse  in  all  directions  in  light  and  variable  wind.s.  i’.xcopt  for  denser  than 
ait  concentrated  gas  clouds  di-, cussed  in  the  previous  section  of  tliis  report,  the 
material  will  move  downwind  at  approximately  the  speed  of  the  wind.  For 
instantaneous  releases,  a  toxic  cloud  will  form,  while  .short-term  rcleascr,  will 

create  a  short  plume.  Once  the  source  is  terminated,  the  end  of  the  plume  will 

diffuse  as  it  moves  downwind.  Therefore,  the  toxic  corridor  is  active  until  the 
material  has  time  to  diffuse  to  an  acceptable  concentration. 

Do  prepared  to  transfer  the  worksheet  sketch  of  the  corridor  to  an  appropriate 
map.  Insure  that  the  corridor  is  drawn  to  map  scale.  General  requirements  regarding 
maps  and  plotting  requirements  are  contained  in  AFR  355-1.  The  local  disaster 
preparedness  plan  should  specify  the  scale  and  map  to  use.  Table  1  provides 
conversion  factors  that  can  be  ised  to  convert  feet  to  other  length  units.  These 
factors  may  help  you  in  making  scale  drawings. 


Table  1 .  Length 

Convert 
From  To 

Feet  Meters 

Feet  Kilometers 

Feet  Nautical  Miles 


Conversion  Factors. 


Conversion 

Factor 

3.048  X 

10-1 

3.048  X 

10-4 

1.894  X 

o 

1 

1. 646  X 

10-4 
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NiETHOD  1:  TOXIC  CORRIDOR  LENGTH  TABLES 


The  steps  to  determine  the  dimensions  of  a  toxic  corridor  using  this  method  are 
presented  below.  Vfhere  applicable,  preferred  and  alternate  approache.  are  given. 
Toxic  corridor  length  T;>bies  2  through  32  are  required.  Two  copies  of  a  suggested 
worksheet  are  provided  in  Appendix  A,  one  with  sample  corridor  calculations  (Figure 
A-1)  and  one  blank  copy  (Figure  A-2) .  A  flow  chart  for  using  Method  1  is  depicted  in 
Figure  1. 

a.  STEP  1;  Determine  source  strength  (Ib/min) . 

(1)  Preferred.  Obtain  a  source  strength  from  the  disaster  response  force 
(DRF) .  NOTE:  Although  weather  personnel  are  not  responsible  for  determining  source 
strength,  a  toxic  corridor  length  calculation  cannot  be  made  without  it.  Appendix  C 
provides  an  equation  for  calculating  evaporative  source  stengths  based  on  the  surface 
area  covered  by  the  toxic  chemical  spill.  Use  this  appendix  to  assist  the  agency 
responsible  for  estimating  source  strengths. 

(2)  Alternate.  For  small  amounts  of  liquid  or  gas  (less  than  2000  It), 
assume  the  worst  case  which  is  total  release  of  the  material  in  one  minute.  for 
large  amounts  of  gas,  assume  total  release  over  five  minutes.  For  largo  amounts  of 
liquid,  assume  a  source  strength  of  2000  lb  per  minute. 

(3)  Alternate.  For  releases  of  a  large  amount  of  material  where  a  source 
strength  cannot  be  determined  from  the  above  procedures,  go  t-^  alternate  procedure  in 
Step  3. 

b.  STEP  2:  Determine  temperature  difference  (delta-T  (Op) ) . 

(1)  Preferred.  Use  the  mean  delta-T  based  on  at  least  a  10-minute  record 
from  a  54-6  foot  delta-T  instrument.  (Available  at  TITAN  II  misSile  sites.  Refer  to 
Appendix  B,  Figure  B-1.)  NOTE;  54-6  foot  delta-T  measurements  can  be  made  by  using 
a  sling  psychrometer  at  the  54-  and  6-foot  levels  of  a  radar  tower. 

(2)  Alternate,  Use  mean  surface  wind  speed  category,  solar  elevation  angle, 
and  sky  condition  to  obtain  an  estimated  temperature  difference  from  Table  B-1, 
Appendix  B.  Refer  to  the  notes  in  this  table  concerning  rough  terrain  and  forested 
regions  prior  to  estimating  the  temperature  difference. 

c.  STEP  3:  Determine  toxic  corridor  length  (TCL)  in  feet. 

(1)  Preferred.  Turn  to  the  appropriate  toxic  chemical  corridor  length 
table.  Read  across  from  the  source  strength  determined  in  Step  1  and  down  from  the 
temperature  difference  determined  in  Step  2.  The  intersected  value  is  the  toxic 
corridor  length. 

(2)  Alternate.  For  releases  of  a  large  amount  of  material  where  no  source 
strength  is  available,  use  the  distance  the  wind  would  carry  the  material  in  one 
hour.  This  is  an  interim  forecast  which  must  be  updated  when  particulars  ate  known. 

d.  STEP  4;  Determine  mean  wind  direction  and  wind  direction  variability,  R 
(degrees  of  azimuth).  If  the  surface  wind  is  equal  to  or  less  than  3  knots,  go  to 

•Step  6. 

(1)  Preferred.  Use  the  10-minute  recorded  wind  direction  trace  and 
eliminate  the  two  furthest  direction  fluctuations  on  each  side  of  the  mean. 
Variability,  R,  is  the  difference  in  degrees  between  the  third  largest  fluctuation  on 
each  side  of  the  mean  direction. 

(2)  Alternate.  Note  the  wind  fluctuations  indicated  by  an  anemometer  dial 
over  a  2-minute  period.  Variability,  R,  is  the  difference  in  degrees  between  the 
largest  fluctuation  on  each  side  of  the  mean  direction. 


7 


(3)  Approximate.  If  wind  direction  fluctuation  information  is  unavailable, 
assume  K  is  60*^  when  the  wind  speed  is  between  4  and  10  knots;  assume  H  is  30*^  when 
the  wind  speed  is  greater  than  10  knots. 

e.  STEP _ 5:  Determine  corridor  width  (W)  in  degrees  by  multiplying  the  value 

obtained  for  R  in  Step  4  by  1.5. 

f-  STEP  6;  Plot  the  toxic  corridor. 

(1)  Wind  speed  greater  than  3  knots.  Draw  the  corridor  center  line  from  the 

source  to  the  point  on  the  wind  direction  circle  corresponding  to  the  direction  the 
mean  wind  is  blowing  towards  (l.e.,  180  degrees  from  the  recorded  mean  wind 

direction)  ,  as  determined  in  Step  4.  Place  W/2,  calculated  in  Step  5,  on  each  side 
of  the  center  line.  Draw  tne  lines  which  define  each  side  of ^  the  corridor.  See 
example  worksheet.  Figure  A-1  in  Appendix  A. 

(2)  wind  speed  equal  to  or  less  than  3  knots.  The  corridor  is  a  circle  of 
radius  equal  to  the  corridor  length  determined  in  Step  3. 

g.  STEP  7;  Trend  forecast.  If  significant  changes  in  wind  direction  are 
expected  within  the  next  hour  or  two,  include  this  information  in  the  briefing.  A 
change  in  direction  that  would  affect  evacuation  is  significant.  Based  on  continued, 
close  monitoring  of  weather  conditions,  relay  any  significant  changes  in  the  toxic 
corridor  forecast  to  the  DRF.  Consider  changes  in  winds  that  have  occurred  between 
the  time  of  the  spill  and  the  time  of  the  forecast.  These  changes  could  alter  the 
shape  and  size  of  the  toxic  corridor. 
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TOXIC  CORRIDOR  CALCULATIONS 
USING  METK'.JD  1  ‘ 


I 


CORRIDOR  IS  A 

f  . 

DDTERMINB  THE  MEAN  WIND 

CIRCLE,  RADIUS 

WINDS  > 

1  .f .  •  ^ 

DIRb^CTION  (D)  USING  THE  LAST 

i  L.^  ^ 

CORRIDOR  LENC;TH 

1 3  KNOTS? 

10  MINUTES  DATA 

PLOT  THE  CORr<lDOR  ON] 
THE  TOXIC  CORRIDOR 
WOi^SHKET  BY  MAKINt; 

A  CTRCI.E  WIT’H  TllK 
ACCIDENT  SOI  ■  ^CE  AS 
THE  CENTER 


DETERMINE  THE  WIND 
VARIABILITY  (R)  BY 
OBSERVING  AN  ANEMOMETER 
DIAL  I’OH  2  MINBTE5 


\ 

.jL 


DETERMINE  THE  CORRIDOR, 
WIDTH  (W) ,  W  =  1.5R 


DETERMINE  THE  WIND  DIHbX’TION 
VARIABII.ITY.  TO  DO  THIS, 
ELIMINATE  THE  TWO  LARGEST  PEAKS 
l-'P.OM  EACH  SIDE  OE  THE  WIND  TRACE 
FOR  THE  LAST  U)  MINUTES.  THE 
WIND  variability  fRJ  IS  THE  WlDTlll 
OE  THE  RKMAiNING  TRACE 


DEG 


PLOT  TlHi  CORIUDOK  ON  THE  TOXIC  COKRIDfRl  WORKSHEET.  DRAW  AN  ARC  OF  J.lONGTH  W  (Dl-IGRHEG) 
WITH  ITS  ORIGIN  AT  THE  SOURCE  AND  WITH  A  RADIUS  EQUAL  TO  CORRIDOR  LENGTH,  GENT}-;m-:n  ON  A 
LINK  Rt;PHtJSL-:NTINC;  THE  MEAN  WIND  DTRJ-X’TION.  THE  TOXIC  CORRIDOR  IS  TOE  AREA  ENCLO.SKD  HY 
THE  ARC  AND  LINES  EKOM  THE  .SOURCE  lU  EACH  END  OF  THE  ARC. _ _ 


REr.AY  INFO  TO  THE  URI', 
-^PlIONE 


PRIMARY . 


ALTERNATE  - 


Flquro  1.  Flow  Chart  for  Mctliod  1.  (NOTE:  T.l:  Alan  Shaffor  of  Dot  7,  2^jWS,  Matl.-r  AFB,  CA 
dcveloRod  Lhc  original  v(?rsioii  of  this  flow  chart.  Except  foi  a  few  iiiinor  changes  by 
^^WVJ/DN  and  the  cUiclior.s  of  t\jir,  TN,  the  flow  chart  romviins  cis  rulqinally  clevc]o[)Od.) 
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Chapter  5 


METHOD  2:  CHEMICAL  AND  DIFFUSION  FACTORS 


The  steps  to  determine  the  dimensions  of  a  toxic  corridor  using  this  method  ate 
presented  below.  Where  applicable,  preferred  and  alternate  approaches  are  given. 
The  Table  of  Chemical  Factors  (Table  33)  and  the  Table  of  Diffusion  Factors  (Table 
34)  are  required.  Two  copies  of  a  suggested  worksheet  ate  provided  in  Appendix  A; 
one  with  a  sample  corridor  calculation  (Figure  A-1)  and  one  blank  copy  (Figure  A-2) . 
A  flow  chart  for  Method  2  is  depicted  in  Figure  2. 

a.  STEP  1;  Determine  source  strength  (Ib/min) , 

(1)  Preferred.  Obtain  a  source  strength  from  the  disaster  response  force 
(DRF) .  NOTE:  Although  weather  personnel  are  not  responsible  for  determining  source 
strength,  a  toxic  corridor  length  calculation  cannot  be  made  without  it.  Appendix  C 
provides  an  equation  for  calculating  evaporative  source  strengths  based  on  the 
surface  area  covered  by  the  toxic  chemical  spill.  Use  this  Appendix  to  assist  the 
agency  responsible  for  estimating  source  strengths. 

(2)  Alternate.  For  small  amounts  of  ligutd  or  gaseous  material  (less  than 
2000  lb),  assume  the  worst  case  which  is  total  release  of  the  material  in  1  minute. 
For  large  amounts  of  a  gas  (2000  lb  or  more),  assume  total  release  over  5  minutes. 
For  large  amounts  of  liquid,  assume  a  source  strength  of  2000  lb  per  minute. 

(3)  Alternate.  For  releases  of  a  large  amount  of  material  where  a  source 
strength  cannot  be  determined  from  the  above  procedures,  go  to  alternate  procedure  in 
Otep  5. 


b.  STEP  2;  Determine  temperature  difference  (delta-T  (‘^l’) )  . 

(1)  Preferred.  Use  the  mean  delta-T  based  on  at  least  a  10-minute  record 
from  a  54-6  foot  delta-T  instrument.  (Available  at  TITAN  II  missile  sites.  Refer  to 
Appendix  B,  Figure  B-1.)  NOTE;  54-6  foot  delta-T  measurements  can  be  made  by  using 
a  sling  psychrometec  at  the  54-  and  6-foot  levels  of  a  radar  tower. 


(2)  Alternate.  Use  mean  surface  wind  speed,  solar  elevation  angle,  and  sky 
condition  to  obtain  an  estimated  temperature  difference  from  Table  D-1 ,  Appendix  B. 
Refer  to  the  notes  in  this  table  concerning  rough  terrain  and  forested  regions  prior 
to  estimating  the  temperature  difference. 

c.  STEP  3;  Determine  the  Chemical  Factor  (CF)  . 

(1)  Preferred.  Turn  to  Table  of  Chemical  Factors  (Table  33).  Find  the  CF 
for  the  particular  toxic  chemical  of  concern  and  the  appropriate  exposure  limit. 
This  will  normally  be  the  Short-Term  Public  Emergency  Limit  (SPED)  .  The  limit  must 
be  expressed  in  parts  per  million  by  volume. 


(2)  First  alternate.  If  Table  33  does  not  contain  a  CF  for  the  particular 
toxic  chemical  of  concern,  the  CF  may  be  obtained  from  Figure  3.  Enter  the  ordinate 
of  Figure  3  with  the  gram  molecular  weight  (GMW)  and  project  a  lino  across  the  graph 
until  the  line  extending  from  the  exposure  limit  in  parts  per  million  is  intersected. 
The  value  on  the  diagonal  line  at  the  point  of  intersection  is  the  CF.  The 


the  chemical  of  concern. 


(3)  Second  alternate.  If  Table  33  does  not  contain  a  CF  for  the  particular 
toxic  chemical  of  concern,  the  CF  may  be  calcualted  directly  using  the  equation 
below.  The  BEE  may  be  able  to  provide  the  GMW  and  exposure  limit  for  the  chemical  of 
concern . 

CF  -  30.476  (Cp  •  GMW)“°*^^^ 

where  Cp  exposure  limit  in  parts  per  million  by  volume,  and 


GMW  "  gram  molecular  weight. 
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d.  STEP  4t  Deternine  the  Diffusion  Factor  (DP). 

(1)  Preferred.  Turn  to  the  Table  of  Diffusion  Factors  (DF)  (Table  34). 
Read  across  fcoB  the  source  strength  (Q)  determined  in  Step  1  and  down  from  the 
temperature  difference  determined  in  Step  2.  the  intersected  value  is  the  Diffusion 
Factor  (DF) . 

(2)  First  alternate.  If  Table  34  does  not  list  a  DF  for  the  particular 
chemical  of  concern >  the  DF  may  be  obtained  from  Figure  4.  Enter  the  ordinate  of 
Figure  4  with  the  source  strength  from  Step  1  and  project  a  line  across  the  graph 
until  the  appropriate  line  representing  the  temperature  difference  from  Step  2  is 
intersected.  The  value  of  the  curved-diagonal  line  ut  the  point  of  intersection  is 
the  DF. 

(3)  Second  alternate.  If  Table  34  does  not  list  a  DF  for  the  particular 
chemical  of  concern,  the  DF  may  be  calculated  directly  from  the  source  strength 
determined  in  Step  1  and  the  temperature  difference  determined  in  Step  2.  Calculate 
DF  using  the  following  equation: 

0  513  2  53 

DF  ■  (AT  +  10) 

where  Q  *  the  sovirce  strength  in  pounds  per  minute,  and 

AT  «■  the  S4-6  foot  temperature  difference  in  degrees  F. 

®'  STEP  5;  Determine  Toxic  Corridor  Length  (TCL) . 

(1)  Preferred.  Toxic  corridor  length  is  the  product  of  the  chemical  factor 
from  Step  3  and  the  Diffusion  Factor  from  Step  4,  i.e.,  TCL  ■  CF  *  DF. 

(2)  Alternate.  For  releases  of  a  large  amount  of  material  where  no  source 
strength  is  available,  use  the  distance  the  wind  would  carry  the  material  in  one 
hour.  This  is  an  interim  forecast  which  must  be  updated  when  particulars  are  known. 

f.  STEP  £;  Determine  wind  direction  and  wind  direction  variability,  R  (degrees 
of  azimuth).  If  the  surface  wind  is  equal  to  or  less  than  3  knots,  go  to  Step  8. 

(1)  Preferred.  Use  the  10-mlnute  recorded  wind  direction  trace  and 
eliminate  the  two  furthest  direction  fluctuations  on  each  side  of  the  mean. 
Variability,  R,  is  the  difference  in  degrees  between  the  third  largest  fluctuation  on 
each  side  of  the  mean  direction. 

(2)  Alternate.  Note  the  wind  fluctuations  indicated  by  an  anemometer  dial 
over  a  2-minute  period.  Variability,  R,  is  the  difference  in  degrees  between  the 
largest  fluctuation  on  each  aide  of  the  mean  direction. 

(3)  Approximate.  If  wind  direction  fluctuation  information  is  unavailable, 
assume  R  is  60°  when  the  wind  speed  is  between  4  and  10  knots:  assume  R  is  30°  when 
the  wind  speed  is  greater  than  10  knots. 

g.  STEP  7 :  Determine  corridor  width  (W)  in  degrees  by  multiplying  the  value 
obtained~Tor  R  in  Step  6  by  1.5. 


n.  o'xttf  8s  Plot  the  toxic  corridor. 

(1)  Hind  speed  greater  than  3  knots.  Draw  the  corridor  center  line  from  the 

source  to  the  point  on  the  wind  direction  circle  corresponding  to  the  direction  the 
mean  wind  is  blowing  towards  (i.e.,  180  degrees  from  the  recorded  mean  wind 

direction],  as  determined  in  Step  6.  Place  W/2,  calculated  in  Step  7,  on  each  side 
of  the  center  line.  Draw  the  lines  which  define  each  side  of  the  corridor.  See 
example  worksheet,  Figure  A-1  in  Appendix  A. 

(2)  Hind  speed  equal  to  or  less  than  3  knots.  The  corridor  is  a  circle  of 
radius  equal  to  the  corridor  length  determined  in  Step  5. 
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i.  STEP_9:  Trend  forecast.  If  significant  changes  in  wind  direction  ace 
expected  within  the  next  hour  or  two.  Include  this  information  in  your  briefing.  A 
change  in  direction  that  would  affect  evacua'  Ion  is  significant.  Based  on  continued 
close  monitoring  of  weather  conditions,  relay  any  significant  changes  in  the  toxic 
corridor  forecast  to  the  DRF.  Consider  changes  in  winds  that  have  occurred  between 
the  time  of  the  spill  and  the  time  of  the  forecast.  These  changes  could  alter  the 
shape  and  size  of  the  toxic  corridor. 
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Figure  2.  Flow  Chart  for  Method  2. 
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Table  33.  Table  of  Chemical  Factors. 
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20,000.0  14968  22107  30992  41751  54505  69367  86449  105854  127683  152034  178900  208672 

30,000.0  1.3429  27215  38158  51404  67107  85406  106437  130329  157206  187187  220388  256920 

50,000.0  23950  32373  49590  66805  87212  110993  138325  169375  204304  243267  286415  333894 

75,000.0  25487  43552  61056  82251  107376  136657  170308  208537  251:42  299515  352639  411096 

100,000.0  34177  50478  7o765  95331  124452  158369  197392  .241701  291544  347145  408718  476471 


GRAM  MOLECULAR  WEIGHT  (GMW) 


EXPOSURE  LIMIT  (Cp) 


Figure  3.  Non¥Dgram  for  Determining  Chemical  Factors  (CF)  . 

CF  =  30.476(Cp  •  The  CF  values  are  indicated  by  the 

diagonal  lines  as  labeled. 
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SOURCE  STRENGTH  (LBS/M9N) 


TEMPERATURE  DCFFERENCE  (<1T} 

Figure  4.  Nomogram  for  Determining  Diffusion  Factors  (DF) . 

DP  =.  (AT  +  The  DF  values  are  indicated  by  the 

curved  diagonal  lines  as  labeled. 
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Chapter  6 

METHOD  3:  UNIVERSAL  NOMOGRAM 


The  steps  to  determine  the  dimensions  of  a  toxic  corridor  using  this  method  are 
presented  below.  A  flow  chart  for  using  Method  3  is  depicted  in  Figure  5.  Where 
applicable,  preferred  and  alternate  approaches  are  given.  The  toxic  corridor  length 
nomogram.  Figure  6,  is  required.  Two  copies  of  a  suggested  worksheet  are  provided  in 
Appendix  A;  one  with  sample  corridor  calculations  (Figure  A-1)  r.nd  one  blank  copy 
(Figure  A-2). 

a.  STEP  1;  Determine  source  strength  (Ib/min) - 

(1)  Preferred.  Obtain  a  source  strength  from  the  disaster  response  force 
(DRP) .  NOTE:  Although  weather  personnel  are  not  responsible  for  determining  source 
strength,  a  toxic  corridor  length  calculation  cannot  be  made  without  it.  Appendix  C 
provides  an  equation  for  calculating  evaporative  source  strengths  based  on  the 
surface  area  covered  by  the  toxic  chemical  spill .  Use  this  Appendix  to  assist  the 
agency  responsible  for  estimating  source  strengths. 

(2)  Alternate.  For  small  aroi  unts  of  liquid  or  gas  (less  than  2000  lb)  , 
assume  the  worst  case  which  is  total  release  of  the  material  in  1  minute.  For  large 
amounts  of  a  gas  (2000  lb  or  more) ,  assume  total  release  over  b  minutes.  For  large 
amounts  of  liquid,  assume  a  source  strength  of  2000  lb  per  minute. 

(3)  Alternate.  For  releases  of  large  amounts  of  material  where  a  source 
strength  cannot  be  determined  from  the  above  procedures,  go  to  alternate  procedure  in 
Seep  3. 

b.  STEP  2:  Determine  temperature  difference  (delta-T  (OF) ) . 

(1)  Preferred.  Use  the  mean  delta-T  based  on  at  least  a  10-rainute  record 
from  a  54-6  foot  delta-T  instrument.  (Available  at  TITAN  II  missile  sites.  Refer  to 
Appendix  B,  Figure  B-1.)  NOTE;  54-6  foot  delta-T  measurements  can  be  made  by  using 
a  sling  psychrometer  at  the  54-  and  6-foot  levels  of  a  radar  tower . 

(2)  Alternate.  Use  mean  surface  wind  speed  category,  solar  elevation  angle, 
and  sky  condition  to  obtain  an  estimated  temperature  difference  from  Table  B-1, 
Appendix  B.  Refer  to  the  notes  in  this  table  concerning  rough  terrain  and  forested 
regions  prior  to  estimating  the  temperature  difference. 

c.  STEP_3;  Determine  Toxic  Corridor  Length  (TCL)  in  feet. 

(1)  Preferred 

(a)  Enter  Part  A  of  Figure  6  with  source  strength  determined  in  step  1 
and  project  along  the  constant  source  strength  line  until  the  diagonal  line 
representing  the  temperature  difference  value  determined  in  Step  2  is  intersected. 
Prom  this  point  of  intersection  extend  a  line  horizontally  into  Part  B. 

(b)  Enter  Part  C  with  the  appropriate  exposure  limit  (Cp)  provided  by 
the  Bioenvironmental  Engineer  (BEE),  or  taken  from  Table  33.  Extend  a  horizontal 
line  from  this  exposure  limit  until  the  diagonal  line  labeled  with  the  approprate 
i|idm  molecular  weight  (GMW)  is  intersected.  The  GMW  for  the  toxic  chemical  of 
concern  can  be  found  in  Table  33  or  obtained  from  the  BEE.  From  this  intersection, 
project  a  line  vertically  into  Part  B. 

(c)  Read  the  toxic  corridor  length  from  the  diagonal  line  at  the  point 
where  the  projections  from  Part  A  and  Part  C  intersect  in  Part  B. 

(2)  Alternate.  For  releases  of  a  large  amount  of  material  where  no  source 
strength  is  available,  use  the  distance  the  wind  would  carry  the  material  in  one 
hour.  This  is  an  interim  forecast  which  must  be  updated  when  particulars  are  known. 
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d.  STEP  4i  Determine  mean  wind  direction  and  wind  direction  variability,  R 
(degrees  of  azimuth)  .  If  the  surface  wind  is  equal  to  or  less  than  3  knots,  go  to 
Step  6. 


(1)  Preferred.  Use  the  lO-minute  recorded  wind  direction  trace  and 
eliminate  the  two  furthest  direction  fluctuations  on  each  side  of  the  mean. 
Variability,  R,  is  the  difference  in  degrees  between  the  third  largest  fluctuation  on 
each  side  of  the  mean  direction. 

(2)  Alternate.  Note  the  wind  fluctuations  indicated  by  an  anemometer  dial 
over  a  2-minute  period.  Variability,  S,  is  the  difference  in  degrees  between  the 
largest  fluctuation  on  each  side  of  the  mean  direction. 

(3)  Approximate.  If  wind  direction  fluctuation  information  is  unavailable, 
assume  R  is  60**  when  the  wind  speed  is  between  4  and  10  knots;  assume  R  Is  when 
the  wind  speed  in  greater  than  10  knots. 

e.  STEP _ 5:  Determine  corridor  width  (W)  in  degrees  by  multiplying  the  value 

obtained  for  R  in  Step  4  by  1.5. 

f.  STEP  6;  Plot  the  toxic  corridor. 

(1)  Wind  speed  greater  tnan  3  knots.  Draw  the  corridor  center  line  from  the 
source  to  the  point  on  the  wind  direction  circle  corresponding  to  the  direction  the 
mean  wind  is  blowing  towards  (i.e.,  180  degrees  from  the  recorded  mean  wind 
direction)  ,  as  determined  in  Step  4.  Place  W/2,  calculated  in  Step  5,  on  eaoh  side 
of  the  center  line.  Draw  the  lines  which  define  each  side  of  the  corridor.  Sec 
example  worksheet.  Figure  A-1  in  Appendix  A. 

(2)  Wind  speed  equal  to  or  less  than  3  knots.  The  corridor  is  a  circle  of 
radius  equal  to  the  corridor  length  determined  in  Step  3. 

g.  STEP  7i  Trend  forecast.  If  significant  changes  in  wind  direction  are 
expected  within  the  next  hour  or  two,  include  this  information  in  your  briefing.  A 
change  in  direction  that  would  affect  evacuation  is  considered  significant.  Based  on 
continued  close  monitoring  of  weather  conditions,  relay  any  significant  changes  in 
the  toxic  corridor  forecast  to  the  ORF.  Consider  changes  in  winds  that  have  occurred 
between  the  time  of  the  spill  and  the  time  of  the  forecast.  These  changes  could 
alter  the  shape  and  size  of  the  toxic  corridor. 


50 


TOXIC  CORRIDOR  CALCt]Li\TIOMS 
USING  METHOD  3 


- NO- 


IS  THE  TyPE  OF  CHEMICAL 
KNOWN? 


-YES- 


gBEHTiai.-rg — » 


DID  YOU  OBTAIN  THE 

DID  YOU  OBTAIN  THE 

-NO - 

AMOUNT  OF  MATERIAL 

- -  - - NO - — 

SOURCE  STRENGTH  IN 

RELEASED  IN  POUNDS? 

LB/MIN  FROM  THE  DRF? 

_ ± _ 

1 

YES 

1 

- NO-  — 


i _ i- 


ASSUME  THE  CORRIDOR  LENGTH 
13  THE  DISTANCE  THE  WIND 
WILL  CARRY  THE  MATERIAL  IN 
ONE  HOUR.  (THIS  IS  A  STOR- 
GAP  FORECAST  WHICH  SHOULD 
BE  UPDATED  ONCE  PARTICULARS 
ARE  DETERMINED.) 


WAS  THE  SPILL  OVER  2000 
POUNDS  OF  MATERIAL? 

- ( - 

N^ 


I 

YES 

_L_ 


TS  THE  CHEMICAL 
LIQUID  OK  GAS? 


- 

jASSUME  , 

Ire  LEASE 


ALL  MATERIAL 
RSED  IN  1  MINUTE 


FORECAST  WIND  SPEEti 
FOR  NEXT  ].  HOUR  I 
IS  KTS  I 


tAq 

i 


GAS 

« _ 


ASSUME  SOURCE 
•STRENGTH  IS 
2000  LBS/MIN. 


ASSUME  ALL 
RELEASED  IN 
5  MINUTES 


I 

I 

jL 


I 


I 

I 

"1  I 

ii- 


SOURCE  STRENGTH 
IS  _  LBS/MIN. 


CORRIDOR  LENGTH  I.S 
____  NAUTICAL  MILES 
ONE  NM  U07(,  i-'T 


OBTAIN  GMW  AND  C  FROM  TABLE  33 

OBTAIN  MEAN  DELTA-T 

OR  BEE.  GMW  -  ^ 

FROM  INSTRUMENT  STRIP- 

C  = 

CHART  OH  USE  TABLE  B1 

i' 

TO  ESTIMATE  DELTA-T. 

1 _ 

DELTA-T  IS  °. 

CORRIDOR  LENGTH  IS 
FEET. 


USING  NOMOGRAM  (FIG.  6) 
DETERMINE  CORRIDOR  LENGTH 


i 

DETERMINE  THE  MEAN  WIND! 

CIRCLE,  RADIUS 

NO 

ARE  THE  WINDS  > 

YES 

DIRECTION  (D)  USING  THE 

corhtdor  ll-ingth 

3  KNCH’K? 

LAST  10  MINUTES  DATA  | 

u. 


1 

PLOT  THE  CORRIDOR  ON 

DETERIUNE  THE  WIND 

DETERMINE  THE  WIND  DIRECTION 

1 

TH1-;  TOXIC  COKIUDOK 

VARIABILITY  (K)  BY 

VARIABILITY.  TO  DO  THIS, 

■ 

WORKSHEET  BY  MAKING 

OBSERVING  AN  ANEMOMETER 

ELIMINATE  THE  TWO  LARGEST  PEAKS 

A  C1HCU-:  WITH  TMt: 

DIAL  FOR  2  MINUTES 

FROM  EACH  SIDE  OF  THE  FIND  TRACE 

ACCIDENT  SOUUCl-J  AS 

I 

FOR  THE  LAST  10  MINUTES.  THE 

THK  CKNTKK 

1 

1 

WIND  VARIABILITY  (R)  IS  THE  WIDTH 

1  1 

OF  THE  REMAINING  TRACE 

DETEKMIIJE  THE  CORRIDOR 
WIDT’II  (W)  ,  W  =  1.5R 


D  = 
W  = 


DEG 

DEG 


I’lXlT  THE  LOHRinOK  ON  THE  TOXIC  CORRIDOR  WORKSHEET.  DRAW  AN  ARC  OF  LENGTH  W  (DEGlUiES)  WITH  ITS 
ORIGIN  AT  THE  SOURCE  AND  WITH  A  RADIUS  EQUAL  TO  CORRIDOR  LENGTH,  CENTERED  ON  A  LINE  REPRESENTING 
THE  MEAN  WIND  DIRECTION.  THE  TOXIC  OORRITOK  IS  THE  AREA  ENCLOSED  HY  THE  ARC  AND  LINES  FROM  THE 
SOURCE  TO  EACH  END  OF  THE  ARC. 


RELAY  INFO  TO  THE  DRF , 
PHONE 


PRIMARY  — 
ALTERKATE- 


Fiqure 


Flow  Chart  for  Methotl  i. 
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Chapter  7 

METHOD  4  s  PROGRAMMABLE  CALCULATOR 


The  steps  to  determine  the  dimensions  of  a  toxic  corridor  using  this  method  are 
presented  below.  Where  applicable,  preferred  and  alternate  approaches  are  given. 
Input  values  pertaining  to  the  toxic  chemical  of  concern  may  be  either  found  in  Table 
33  or  requested  from  your  local  Bloenvironmontal  Engineer  (BEE).  Following  tho  1  i -.t 
of  steps  is  a  listing  of  a  Tl-59  Calculator  Program*,  sample  input/output,  and 
procedures  for  making  the  toxic  corridor  length  calculation.  Two  copies  of  a 
suggested  worksheet  are  provided  in  Appendix  A;  one  with  sample  corridor  calculations 
(Figure  A-1)  and  one  blank  copy  (Figure  A-2)  .  A  flow  chart  for  using  Method  4  is 
depicted  in  Figure  7, 

a.  STEP  1;  Determine  source  strength  (Ib/min) . 

(1)  Preferred.  Obtain  a  source  strength  from  the  disaster  response  force 
(ORF)  .  HOTF.',  Although  weather  personnel  are  not  responsible  for  determining  source 
strength,  a  toxic  corridor  length  calculation  cannot  be  made  without  it.  Appendix  C 
provides  an  equation  for  calculating  evaporative  source  strengths  based  on  the 
surface  area  covered  by  the  toxic  chemical  spill.  Use  this  Appendix  to  assist  the 
agency  responsible  for  estimating  source  strengths. 

(2)  Alternate.  For  small  amounts  of  liquid  or  gaseous  material  (less  than 
2000  lb),  assume  the  worst  case  which  is  total  rcloaso  of  tho  material  in  1  minute. 
For  large  amounts  of  a  gas  (2000  lb  or  more),  assume  total  releani-  over  5  minutes. 
For  large  amounts  of  liquid,  assume  a  source  strength  of  2000  Ih  pi  r  minute. 

(3)  Alternate.  For  releases  of  a  large  amount  of  material  where  a  source 
strength  cannot  be  determined  from  the  above  procedures,  go  to  the  alternate 
procedure  in  Step  4. 

h.  STEP  2;  DeLeniiiiit  temperature  dirtcrenco  (delta-T  (^F)  )  . 

(1)  Preferred.  Use  the  mean  dclta-T  based  on  at  least  a  10-minutc  record 
from  a  54-6  toot  delta-T  instrument.  (Available  at  TITAN  II  missile  sites.  Refer  to 
Appendix  8,  Figure  B-1.)  NOTE:  54-6  foot  delta-T  measurements  can  be  made  by  using 
a  sling  psychrometec  at  the  54-  and  6-foot  levels  of  a  radar  tower. 

(2)  Alternate.  Use  mean  surface  wind  speed  category,  solar  elevation  angle, 
and  sky  condition  to  obtain  an  estimated  temperature  difference  from  Table  B-1, 
Appendix  B.  Refer  to  the  notes  in  this  table  concerning  rough  terrain  and  forested 
regions  prior  to  estimating  the  temperature  difference. 

c.  STEF  3:  Determine  the  gram  molecular  weight  (GMW)  and  tho  appropriate 
exposure  iTmit  (normally  a  30-minutc  SPF.L)  for  tho  particular  toxic  chemical  of 
concern . 

(1)  Preferred.  Use  Table  33  for  these  data. 

(2)  Alternate.  If  tho  exposure  limit  or  GMW  for  the  toxic  chemical  is  not 
listed  in  Table  33,  request  this  information  from  your  local  BEE. 

d.  STB P  4 :  Determine  toxic  corridor  length  (TCL)  in  feet. 

(1)  Preferred.  Follow  the  "Tl-59  User  Instructions"  for  calculating  the 
toxic  corridor  length. 

(2)  Alternate.  For  releases  of  a  large  amount  of  mater ial  where  no  source 
Strength  is  available,  use  the  distance  the  wind  would  carry  the  material  in  one 
hour.  This  is  an  interim  forecast  which  must  be  updated  when  particulars  are  known. 


*NOTE:  The  Tl-59  program  presented  in  this  rep.^ct  was  provided  by  Maj  Lomax,  a 
Staffmet  at  Uet  10,  2WS,  Eglin  AFB  FL.  A  more  special) 7  -d  Tl-59  program  was  provided 
to  Air  Weather  Service/Aerospace  Sciences  by  another  Staffmet,  Capt  Dargitz  fi  ira  Det 
30,  2WS ,  Vandenbetg  AFB  CA.  Although  Capt  Dargitz 's  program  is  tailored  for  liquid 
missile  fuels  and  may  be  somewhat  site-specific,  his  approach  is  unique  and  may  be  of 
interest  to  others  with  similar  interests  or  concerns. 
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e.  STEP  5: 


_  Determine  mean  wind  direction  and  wind  direction  variability,  R 

(degrees  of  azimuth).  It  the  surface  wind  is  equal  to  or  less  than  3  knots,  go  to 
Step  7. 

(1)  Preferred.  Use  the  lO-minute  recorded  wind  direction  trace  and 
eliminate  the  two  furthest  direction  fluctuations  on  each  side  of  the  mean. 
Variability,  R,  is  the  difference  in  degrees  between  the  third  largest  fluctuation  on 
each  side  of  the  mean  direction. 

(2)  Alternate.  Note  the  wind  fluctuations  indicated  by  an  anemometer  dial 
over  a  2~minute  period.  Variability,  R,  is  the  difference  in  degrees  between  the 
largest  fluctuation  on  each  side  of  the  mean  direction. 

(3)  Approximate,  If  wind  direction  fluctuation  information  is  unavailabe 
assume  R  is  60*^  when  the  wind  speed  is  between  4  and  10  knots;  assume  R  is  30°  when 
the  wind  speed  is  greater  than  10  knots. 

f.  STEP  6;  Determine  corridor  width  (W)  in  degrees  by  multiplying  the  value 
obtained  for  K  in  Step  5  by  1.5. 

g.  STEP  7:  Plot  the  toxic  corridor. 

(1)  Wind  speed  greater  than  3  knots.  Draw  the  corridor  center  line  from  the 
source  to  tlie  point  on  the  wind  direction  circle  corresponding  to  the  direction  the 
mean  wind  is  blowing  towards  (i.e.,  180  degrees  from  the  recorded  mean  wind 
direction),  as  determined  in  Step  5.  Place  W/2,  calculated  in  Step  6,  on  each  side 
of  the  center  line.  Draw  the  lines  which  define  each  side  of  the  corridor.  See 
example  woiksheot,  figure  A-1  in  Appendix  A. 

(2)  Wind  speed  equal  to  or  less  than  3  knots.  The  corridor  is  a  circle  of 
radius  equal  to  the  corridor  length  determined  in  Step  4. 

h.  STEP  8:  Trend  forecast.  If  significant  changes  in  wind  direction  are 
expected  within  the  next  hour  or  two,  include  this  information  in  your  briefing.  A 
change  in  direction  that  would  affect  evacuation  is  considered  sigificant.  Based  on 
continued  close  monitoring  of  weather  conditions,  relay  any  significant  changes  in 
the  toxic  corridor  forecast  to  the  DRE.  Consider  changes  in  winds  that  have  occurred 
between  the  time  of  the  spill  and  the  time  of  the  forecast.  These  changes  could 
alter  the  shape  and  size  of  the  toxic  corridor. 
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TI-59  User  Instructions 

This  program  may  be  used  with  or  without  the  printer.  (TI-59  .Master  Library  Module 
must  be  installed.)  It  defaults  to  the  90-percent  corridor  L-ngth  nonexceedence  pi'oba- 
bility  (Pr) .  This  is  the  probability  that  the  .specified  exposure  limit  will  not  be  ex¬ 
ceeded  beyond  the  calculated  corridor  distance.  This  probability  may  be  changed  by 
changing  the  Percent  Parameter  (PPAR)  which  is  the  same  as  the  probability  factor  (P) 
in  the  Ocean  breeze  and  Dry  Gulch  equation  (3i>e  Glossary) .  The  probability  factors  for 
specified  nonexceedence  probabilities  are  listed  in  Table  35.  Once  the  PPAR  is  changed, 
it  will  remain  at  the  new  value  until  it  is  changed  again  or  the  program  is  reentered. 


Table  35.  Probability  Factors  (Miller  and  Miller,  1964). 


Probability 

Distance 

of  Not 

Probability 

Being  Exceeded 

Factor  {'’) 

J.97 

2.04 

0.95 

1.87 

0.90 

1.63 

0.85 

1.48 

0.80 

1.38 

0.75 

1.30 

0.50 

1.00 

0.25 

0.770 

0.20 

0.726 

Q.  15 

0.674 

0,10 

0.614 

0,05 

0.535 
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The  procedures  for  entering  the  calculator  program  and  calculating  corridor 
lengths  ace  listed  below: 


STEP 

1. 

1. 


PROCEDURE 

F.NTER 

PRESS 

DISPLAY 

Turn  on  calculator 

(and 

pr inter) 

CLR 

Slide  side  one  (1) 

into 

the  lower  slot 

1. 

3. 


CLR 


4. 


5. 

6. 


7. 


8. 

9. 


10. 


Turn  card  around  and  enter  side 
three  (3) 

3. 

(Optional)  Enter  new  PPAR 

PPAR 

A' 

PPAR 

Enter  gram  molecular  weight  of 
chemical 

GMW 

A 

GMW 

Enter  exposure  limit  in  PPM 

PPM 

B 

PPM 

Enter  source  strength  in  Ibs/min  (0) 

0 

O 

Q 

Enter  delta-T  value 

DL-T 

D 

DL-T 

Compute  corridor  length  (L) 

No  Entry 

E 

L  in 

Any  of  the  entered  parameters  may  be  changed  by  reentering  the  new  value, 
pressing  the  appropriate  key  (A-D) ,  and  then  pressing  E  for  the  new  corridor  length. 

The  following  sample  input/output  is  useful  for  checking  the  program  after  it  has 
been  entered  into  the  calculator  memory. 


32.05  GMW 
20.  PPM 
40.  Q 
-2.  Ob-T 


CORRIDOR  LENGTH 
1414.869997  FEET 
.2679678025  S,  HI 
.2328576534  N.  MI 
431.2523751  M 
.431.2523751  KM, 

Sample  Input/output 

Default  value  of  P=1.63  for 
probability  of  90  percent  that 
the  calculated  toxic  corridor 
length  will  not  be  exceeded. 


2.04  PPAR 
CORRIDOR  LENGTH 
1770.757542  FEET 
.3353707466  S.  MI 
,2914292104  N.  HI 
539.7268989  M, 

,5397268989  KM. 

Sample  Input/output 

Value  of  P  altered  from  default 
value  to  2.04  giving  a  piobability 
of  97  percent  that  corridor  length 
will  not  be  exceeded. 
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The  TI-59  program  for  calculating  toxic  corridor  length  is  listed  below. 

TI-59  PROGRAK  LISTING 
BANK  1 


STEP 

KEY 

KEY 

STEP 

KEY 

KEY 

STEP 

KEY 

KEY 

NO. 

PRESSED 

SYMBOL 

NO. 

PRESSED 

SYMBOL 

NO. 

PRESSED 

SYMBOL 

000 

76 

LBL 

052 

42 

STO 

104 

43 

RCL 

001 

10 

E* 

053 

39 

39 

105 

23 

23 

002 

69 

OP 

054 

05 

5 

106 

55 

i 

003 

00 

00 

055 

09 

9 

107 

43 

RCL 

004 

92 

RTN 

056 

71 

SBR 

108 

21 

21 

005 

76 

LBL 

057 

23 

LNX 

109 

55 

i 

006 

19 

D' 

058 

91 

R/S 

110 

43 

RCL 

007 

42 

STO 

059 

76 

LBL 

111 

22 

22 

008 

09 

09 

060 

11 

A 

112 

54 

) 

009 

73 

RC* 

061 

42 

STO 

113 

45 

YX 

010 

09 

09 

062 

21 

21 

114 

43 

RCL 

Oil 

76 

LBL 

063 

04 

4 

115 

35 

35 

012 

18 

C’ 

064 

01 

1 

116 

65 

X 

013 

69 

OP 

065 

71 

SBR 

117 

53 

( 

014 

04 

04 

066 

23 

LNX 

118 

43 

RCL 

015 

92 

RTN 

067 

91 

R/S 

119 

24 

24 

016 

76 

LBL 

068 

76 

LBL 

120 

85 

+ 

017 

17 

B' 

069 

12 

B 

121 

01 

1 

018 

42 

STO 

070 

42 

STO 

122 

00 

0 

019 

08 

08 

071 

22 

22 

123 

54 

) 

020 

04 

4 

072 

04 

4 

124 

45 

yX 

021 

42 

STO 

073 

02 

2 

125 

43 

RCL 

022 

09 

09 

074 

61 

GTO 

126 

37 

37 

023 

76 

LBL 

075 

23 

LNX 

127 

95 

m 

024 

22 

IHV 

076 

76 

LBL 

128 

42 

STO 

025 

73 

RC* 

077 

13 

C 

129 

25 

25 

026 

08 

08 

078 

42 

STO 

130 

36 

PGM 

027 

84 

OP* 

079 

23 

23 

131 

24 

24 

028 

09 

09 

080 

04 

4 

132 

12 

B 

029 

69 

OP 

081 

03 

3 

133 

42 

STO 

030 

38 

38 

082 

61 

GTO 

134 

28 

28 

031 

97 

DSZ 

083 

23 

LNX 

135 

55 

i 

032 

09 

09 

084 

76 

LBL 

136 

43 

RCL 

033 

22 

INV 

085 

14 

D 

137 

50 

50 

034 

69 

OP 

086 

42 

STO 

138 

95 

> 

035 

05 

05 

087 

24 

24 

139 

42 

STO 

036 

92 

RTN 

088 

04 

4 

140 

29 

29 

037 

76 

LBL 

089 

04 

4 

141 

36 

PGM 

038 

23 

LNX 

090 

61 

GTO 

142 

24 

24 

039 

19 

D' 

091 

23 

LNX 

143 

19 

D* 

040 

02 

2 

092 

76 

LBL 

144 

42 

STO 

041 

00 

0 

093 

15 

E 

145 

26 

26 

042 

22 

INV 

094 

43 

RCL 

146 

36 

PGM 

043 

44 

SUM 

095 

39 

39 

147 

24 

24 

044 

09 

09 

096 

65 

X 

148 

15 

E 

045 

73 

HC* 

097 

43 

RCL 

149 

42 

STO 

046 

09 

09 

098 

34 

34 

150 

27 

27 

047 

69 

OP 

099 

65 

X 

151 

05 

5 

048 

06 

06 

100 

53 

( 

152 

04 

4 

049 

92 

RTN 

101 

43 

RCL 

153 

17 

B* 

050 

76 

LBL 

102 

36 

36 

154 

05 

5 

051 

16 

A' 

103 

65 

X 

155 

42 

STO 

58 


Bank  2 


STEP 

KEY 

KEY 

STEP 

KEY 

KEY 

NO. 

PRESSED 

SYMBOL 

NO. 

PRESSED 

SYMBOL 

156 

07 

07 

166 

02 

2 

157 

04 

4 

167 

01 

1 

158 

05 

5 

168 

95 

= 

159 

76 

LBL 

169 

97 

DSZ 

160 

24 

CE 

170 

07 

07 

161 

71 

SBR 

171 

24 

CE 

162 

23 

LNX 

172 

93 

ADV 

163 

43 

RCL 

173 

43 

RCL 

164 

09 

09 

174 

25 

25 

165 

85 

+ 

175 

91 

R/S 

BANK 

3 

LABELS 

STORED 

STEP 

KEY 

KEY 

VALUE 

LOCATION 

NO. 

PRESSED 

SYMBOL 

0. 

30 

001 

10 

E  ' 

0  . 

31 

006 

19 

D' 

0. 

32 

012 

18 

C  ' 

0. 

33 

017 

17 

B  ’ 

3.28 

34 

024 

22 

INV 

0.513 

35 

038 

23 

i.NX 

29.75 

36 

051 

16 

A  • 

2.53 

37 

060 

11 

A 

0. 

38 

069 

12 

B 

1.63 

39 

077 

13 

C 

0. 

40 

035 

14 

D 

22304300. 

41 

093 

15 

E 

33333000. 

42 

160 

24 

CE 

34000000. 

43 

16272037 

44 

21171737. 

45 

36403024. 

46 

31403024. 

47 

30400000. 

48 

26304000. 

49 

1000. 

50 

153235. 

51 

3524163235. 

52 

27173122. 

53 

3723000000. 

54 

1532312124. 

55 

1617311517. 

50 

24313717. 

57 

3542132740 

58 

33331335. 

59 

TOXIC  CORRIDOR  CALCOLATIOMS 
USING  METHOD  4 


NO  - 


IS  THE  TYPE  OF  CHEMICAL 
KNOWN? 


•  YES- 


CHEMICAL  IS 


ioRRitoi 


TOO  OBTCTTmTET 

RELEASED  IN  POUNDS? 

i 

YES 

1 

it 

!  1 

- NO-  - 

WAS  THE  SriLT.  OV.EH 

POUNDS  OF  MATF-RIAI.V 

- NO- 


blU  YOU  ODTOIN  THE 
SOURCE  STRENGTH  IN 
T.B/MIN  FROM  THE  DRF? 


r 

YES 


* _ 

ITTESOTiT 


IS  THE  DISTANCE  THE  WIND 
WILL  CARRY  THE  MATERIAL  IN 
ONE  HOUR.  (THIS  IS  A  STOP¬ 
GAP  FORECAST  WHICH  SHOULD 
BE  UPDATED  ONCE  PARTICULARS 
ARE  DETERMINED.) 

T 


r 

I 

Yp-. 


-w 


TS^HE  CHEMICAL 
LIQUID  OR  CAS? 


T 

NO 

t 

JL 


ASSUME  ALL  MATERIAL 
RELEASED  IN  1  MINUTE 


LIQ 

I 

I 


T- 
I 

GAS 

i 


FORECAST 

WltJD  SPEED 

ASSUME  SOURCE 

ASSUME  All 

FOR  NEXT 

1  HOUR 

STRENGTH  IS 

RELEASED  IN 

IS 

_ KTS 

2000  LBS/M IN. 

5  MINUTES 

'  -I 

1 

j 

t 

r  * 

1 

SOURCE 

STRENGTH 

IS 

....  DBS/MIN. 

CORRIDOR  LENGTH  IS 

NAUTICAL  MILES. 

GMW  -  ^  ,  C  .| 

ONE  NM  =  6076  FT 

'  -J 

- 1 

CORRIDOR  IS  A 
CIRCLE,  RADIUS  ■ 
CORRIDOR  LENl’lTH 


MO. 


obtain  mean  DELTA-T 
EUOM  INSTRUMENT  STRIP- 
CHART  OR  USE  TABLE  B1 
TO  ESTIMATE  DELTA-T. 
DELTA-T  IS 


J  CORRIDOR  LENGTH  IS 

FOLLOW  THE  10-STEP  TXt)9  PkOCEDUW'| 

■j  _ _ FEET. 

FOR  CALCULATING  CORRIDOR  LENGTH. 

ARE  THE  WINDS  > 
1  KNOTS? 


■  YES- 


DETfcKMINE  THE  MEAN  wT 
DIRECTION  (D)  USING  T 
I.AST  10  MINUTES  DATA 


:nd 

I’HE 


PLOT  THE  CORRIDOR  ON 

DETERMINE  THE  WIND 

DETERMINE  THE  W'ND  DIRECTION 

THE  TOXIC  CORRIDOR 

VARIABILITY  (R)  BY 

VARIABILITY.  To  DO  THIS,  ELIMINAT’E 

VXJKKSHFXT  BY  MAKING 

OBSERVING  AW  ANEMOMETER 

THE  TWO  largest  PEAKS  FROM  EACH  SIDE 

A  CIRCLE  WITH  THE 

DIAL  FOR  2  MINUTES 

OF  THE  WIND  TRACE  FOR  THE  LAST  10 

ACCIDENT  SOURCE  AS 

' 

MINUTES.  THE  WIND  VARIABILIIY  (K) 

THE  CENTER 

'  1  ^ 

DETERMINE  THE  CORRIDOR' 
WIDTH  (W) ,  W  =  I .SR  1 


TEC 

"  DEG 


PLOT  THE  CORRIDOR  ON  THE  TOXIC  OTRRIDOR  WORKSHEET.  DRAW 
ORIGIN  AT  'TOE  SOURCE  AND  WITH  A  RADIUS  EQUAL  TO  CORRIDOR 
THE  MEAN  WIND  DIRECTION.  THE  TOXIC  CORRIDOR  IS  THE  AREA 
I^QURCE  TO  each  end  OF  THE  ARC. 


AN  ARC  Ol'  LENGTH  W  (DlvGREES)  WITH  ITS 
LENGTH,  CEHTERED  ON  A  I.INE  klH’HESENTlNG 
ENCIDSED  HY  THE  ARC  Atln  T.INKS  IROH  THE 


THE  "DW . 

PHONE 


PRIMARY  - 

ALTERNATE  - 


Figure  7.  Flow  Chart  for  Method  4. 
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Bank  2 

STEP 

KEY 

KEY 

STEP 

KEY 

KEY 

MO. 

PRESSED 

SYMBOL 

NO. 

PRESSED 

SYMBOL 

156 

07 

07 

166 

02 

2 

157 

04 

4 

167 

01 

1 

158 

05 

5 

168 

95 

- 

159 

76 

LBL 

169 

97 

DSZ 

160 

24 

CE 

170 

07 

07 

161 

71 

SBR 

171 

24 

CE 

162 

23 

LNX 

172 

93 

ADV 

163 

43 

RCL 

173 

43 

RCL 

164 

09 

09 

174 

25 

25 

165 

85 

f 

175 

91 

R/S 

BANK  3 

LABELS 

STORED 

STEP 

KEY 

KEY 

VALUE 

LOCATION 

NO. 

PRESSED 

SYMBOL 

0. 

30 

001 

10 

E  • 

0  . 

31 

006 

19 

D  ' 

0. 

32 

012 

18 

C  ' 

0  . 

33 

017 

17 

B  ' 

3.28 

34 

024 

22 

INV 

0.513 

35 

038 

23 

LNX 

29.75 

36 

051 

16 

A  ' 

2.53 

37 

060 

11 

A 

0. 

38 

069 

12 

B 

1.63 

39 

0  77 

13 

C 

0. 

40 

085 

14 

D 

22304300. 

41 

093 

15 

E 

33333000. 

42 

160 

?4 

CE 

34000000. 

43 

16272037 

44 

21171737. 

45 

36403024. 

46 

31403024. 

47 

30400000. 

48 

26304000 . 

49 

1000. 

50 

153235. 

51 

3524163235. 

52 

27173122. 

53 

3723000000. 

54 

1532312124. 

55 

1617311517. 

56 

24313717. 

57 

3542132740 

58 

33331335. 

59 

TOXIC  CORRIDOR  CALCUI-ATIONS 

using  method  4 


NO  • 


IS  THE  TYPE  OF  ClffiMlCALl 
KNOWN?  I 


•YES  • 


CHEMICAL  IS 


ii 

'  1  ' 

i _ t 


.  _NO-- 


■  nro  vou  oBTAin  tre" 

j 

DID  YOU  OBTAIN  THE 

AMOUNT  OP  MATERIAL 

SOURCE  STRENGTH  IN 

RELEASED  IN  POUNDS? 

1 

LB/MIN  FROM  THE  DRF? 

r 

YES 

1 

YES 

. - NO--^ 


I  X55bHE"\^HE  iORRlbOK  LENCTlf' 
IS  THE  DISTANCE  THE  WIND 
WILL  CAKKY  THE  MATERIAL  IN 
ONE  HOUR.  (THIS  IS  A  STOP¬ 
GAP  FORECAST  WHICH  SHOULD 
BE  UPDATED  ONCE  PAHTICULAl^ 
AHt:  DETERMINED .  ) 


WAS  THE  SPILL  dvKR~~2065 
POUNDS  01'  MATERIAL? 

- 1 - 

I 

yp 

± 


IS  THE  CHEMICAL 
LIQUID  OR  GAS? 


“T 

LIO 

I 

I 


~T" 

I 

GAS 

I-. 


f 

I 

NO 

I 

4- 


ASSUMli  ALL  MATERIAL 
Klil.liASED  IN  1  MIHUTL 


i-'OrlSast 

TOR  NEXT 
IS 


1  HOUR 


KTS 


ASSUME  SOURCE 

STRIONGTH  IS 
2000  LUS/MIN. 

ASSUME  ALL 

RELEASED  IN 

5  MINUTES 

SOURCE  STRENGTH 


uUS/MIN. 


CORRIDOR  LENGTH  IS 

NAUTICAL  MILES. 

ONE  WM  =  0070  FT 

ObTAIN  GMW  AND  C  FROM  TABLE  33  OR  UEE. 


GHW  = 


C  = 


OBTAIN  MEAN  DELTA-T 
FROM  INSTRUMENT  STRIP- 
CHART  OR  USE  TABLE  U1 
TO  ESTIMATE  DELTA-T. 
DELYA-T  IS 


COKIUDOH  LENGTH  IS 

1  FOLLOW  THE  10-STEP  TISD  PROCEDURE 

_  FEET. 

r  ■  ■  |eor  cal.culating  corridor  length. 

CORRIDOR  IS  A 
CIRCLE,  RADIUS  ^ 
CORRIDOR  LENfjTK 


NO. 


— Take  the  winds  >  - 
I  i  KNOTS? _ 


YES- 


Dl-TF.RMINE  THE  MEAN  WINDl 
DIRECTION  (D)  USING  THeI 
LAST  iU  MINUTES  DATA  | 


PLOT  THE  CORRIDOR  ON 

DETERMINE  Tilt;  WIND 

DETERMINE  THE  VJIND  DIRECTION 

THE  TOXIC  CORRinOH 

VARIABILITY  (U)  BY 

VARIABILITY.  TO  DO  THIS,  ELIMINATE 

WORKSHEET  BY  MAKING 

OBSERVING  ANEMOMETER 

THE  TWO  LARGEST  I'EAK.S  FROM  EACH  SIDE 

A  CIRCLE  WITH  THE 

DIAi^  FOR  2 

MINUTES 

OF  THE  WIND  TRACE  FOR  THE  LAST  10 

ACCIDENT  SOURCE  AS 

r 

MINUTES.  THE  WIND  VARIABILITY  (R) 

THE  CENTER 

' 

S 

_ kjL _ , 

DETERMINE  THE  CORRIDOR| 
WIDTH  (W) ,  W  =  I.5K  I 


W 


nsEC- 

DEG  j 


"plot  THE  CORRIDOR  ON  THE  TOXIC  CORRTDOP  WORKSHEET.  DRAW  AN  ARC  OF  LENGTH  W  (DF, GRICES)  WITH  ITS 
ORIGIN  AT  THE  SOURCE  AND  WITH  A  RADIUS  EQUAL  TO  mKRIDOR  LENGTH,  CENTERED  ON  A  LINE  REPRESENTING 
THE  MEAN  WIND  DIRECTION.  THE  TOXIC  C0RRIIX5R  IS  I’HE  AREA  ENCLOSED  BY  THE  ARC  AND  LINES  FROM  THE 
SOURCE  TO  EAgi  END  OF  THE  ARC. _ _ _ _ 


hSTJTT  TOFimBTirc  ORF, 

PHONE 


] 


PHJMAHY  — 
altkhnatk ■ 


Firjure  7.  Flow  for  Mot  hod  4 


Chapter  8 
SUMMARY 


Toxic  chemicals  are  routinely  shipped  by  rail,  barge,  and  truck  within  and  near 
populated  areas.  They  are  rtored  at  Department  of  Defense  (DOD)  installations  and  in 
the  surrounding  civilian  conununities  and  are  used  in  many  tasks.  Movement,  use,  2Uid 
storage  of  these  chemicals  creates  the  risk  of  accidental  spills  or  releases  of  these 
chemicals  to  the  atmosphere.  When  this  happens,  they  could  rapidly  become  a  health 
hazard. 

This  report  has  presented  four  methods  based  upon  the  Ocean  Breeze  and  Dry  Gulch 
equation  that  can  be  used  by  weather  forecasters  in  producing  rapid  estimates  of  the 
diffusion  of  these  toxic  chemicals.  The  end  product  is  a  toxic  corridor  forecast  for 
which  there  is  a  90-percent  probability  that  toxic  chemical  concentrations  exceeding 
a  specified  value  will  be  contained  within  the  corridor.  This  concentration  level 
will  normally  be  a  Short-Term  Public  Emergency  Limit  established  by  the  Committee  on 
Toxicology  of  the  National  Academy  of  Sciences  (1979). 

The  four  approaches  for  producing  toxic  corridor  length  forecasts  are: 

a.  Use  toxic  corridor  tables  to  estimate  the  corridor  length  based  on  a  delta-T 
value  and  a  source  strength.  Each  chemical  requires  a  .separate  table. 

b.  Use  a  tabic  and  graph  to  separate  the  diffusion  equation  into  a  diffusion 
factor  and  a  chemical  factor.  The  corridor  length  is  the  product  of  this  pair  of 
factors . 


c.  Use  a  nomogram  to  calculate  corridor  length  based  on  the  gram  molecular 
weight  of  the  chemical,  source  strength,  exposure  limit,  and  delta-T. 

d.  Use  a  programmable  calcul.itor  to  calculate  corridor  length. 

The  procedure  for  estimating  the  corridor  width  is  the  same  in  each  approach. 
Step-by-step  instructions  direct  the  forecaster  in  producing  the  forecasts.  A  com¬ 
plete,  separate  set  of  instructions  for  each  of  the  four  approaches  (called  methods 

1,  2,  3,  and  4)  is  included.  Table  36  summarizes  the  four  methods.  Additional  in¬ 
formation  is  provided  in  the  appendixes  to  this  report.  i 

The  toxic  corridor  forecast  produced  by  each  of  these  techniques  is  an  approxi¬ 
mate  solution  subject  to  several  errors.  These  errors  include: 

a.  Errors  caused  by  an  error  in  the  measurement  of  delta-T. 

b.  Errors  caused  by  an  error  in  estimating  source  strength. 

c.  Terrain-induced  errors  that  alter  the  diffusion  characteristics  of  the  at¬ 
mosphere  . 

In  general,  this  report  is  intended  to  aid  the  forecaster  by  allowing  flexibility 
in  producing  toxic  corridor  diffusion  forecasts. 
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Appendix  A 


TOXIC  CORRIDOR  WORKSHEET 
WORKSHEET  WITH  EXAMPLE 

Kame  of  Chemical  Aeroxlne  50 _ 

1.  Source  strength  _ 40 _ Ibs/min  (from  environmental  health  service 

disaster  response  ^orce,  or  estimated) 

2.  54-6  foot  delta-T  -2 _ (from  instrument  or  table) 

3.  Toxic  Corridor  length  1415  feet  (from  toxic  corridor  table) 

4.  Mean  surface  wind  290°/4  )ct  ;  wind  variability  (R)  _40 

degrees  (from  wind  trace,  instrument  dial,  or  estimated) 

5.  Corridor  width  (W)  60  degrees  (W  =  1.5R) 

6.  Toxic  corridor  plot 

7.  Surface  wind  trend  forecast  ^lo  chang^change  to  kt) 


360 


180 

Figure  A-1.  Toxic  Corridor  Forecast  Worksheet  with  Example  Calculations. 


TOXIC  CORRIDOR  WORKSHEET 


Hum  of  Chemical 


1.  Source  strenqth  _ Iba/aln  (from  environmental  health  service, 

disaster  response  force.  Or  estimated) 

2.  54-6  foot  delta-T  _ (from  instrument  or  table) 

3.  Toxic  Corridor  length _ feet  (from  toxic  corridor  table) 

Mean  surface  wind  _ _  ;  wind  variability  (R) _ 

degrees  (from  wind  trace,  instrument  dial,  or  estimated) 

5.  Corridor  width  (W) _ degrees  (W  ■  1.5R) 

6.  Toxic  corridor  plot 

7.  Surface  wind  trend  forecast  no  change/change  to  °/  kt) 


360 
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Appendix  B 

PROCEDURES  FOR  DETERMINING  METEOROLOGICAL  ELEMENTS 


The  mean  10-mir\ute  wind  speed  or  direction  is  determined  directly  from  the  chart 
trace  by  adjusting  the  position  of  a  straightedge  held  parallel  to  the  chart  edge, 
until  there  is  an  equal  amount  of  the  trace  on  both  sides  of  the  straightedge.  The 
mean  wind  speed  or  direciton  is  the  value  intersected  by  the  straightedge.  Direction 
should  be  rounded  to  the  nearest  50  and  speed  to  the  nearest  1  knot. 

Where  delta-T  instrumentation  is  available,  the  mean  10-rainute  delta-T  (54-6  ft) 
for  a  particular  time  period  is  determined  in  exactly  the  same  manner  given  above, 
using  the  strip  chart  recording  of  delta-T  instead  of  the  wind  record. 

The  range  of  the  wind  direction  fluctuation  (R)  is  obtained  by  subtracting  the 
two  largest  fluctuation  "peaks"  from  each  side  of  the  wind  direction  trace  and 
measuring  the  width  in  degrees  of  the  remaining  trace.  This  can  be  done  by  moving  a 
straightedge,  held  parallel  to  the  chart  edge,  toward  the  center  of  the  trace.  After 
three  peaks  show,  read  the  direction  and  round  to  the  nearest  5®.  Repeat  the 
operation  for  the  other  side  of  the  trace  and  record  the  difference  in  degrees 
between  the  two  readings. 

When  the  wind  direction  is  oscillating  about  North,  first  one  pen  will  trace  and 
then  the  other,  resulting  in  a  trace  on  both  sides  of  the  chart.  The  method  for 
computing  R  with  such  a  trace  is  essentially  the  same  as  given  above  except  that  the 
straightedge  is  moved  from  the  center  of  the  chart  outward  toward  each  edge  and  the 
difference  in  readings  should  be  subtracted  from  360°  to  get  the  width  of  the  trace. 
Several  sample  traces  illustrating  the  procedures  for  obtaining  the  meteorological 
elements  are  given  in  Figures  B-1  and  B-2  extracted  from  AWSTR  176  "Diffusion 
Forecasting  for  TITAN  II  Operations"  (Miller  and  Miller,  1964).  Note  that  these 
examples  are  for  a  30-minute  time  interval. 

Table  B-1  should  be  used  to  estimate  temperature  difference,  54-6  foot  delta-T, 
if  instrumental  data  are  not  available.  An  example  is  included  in  the  table.  Pay 
special  attention  to  the  notes  concerning  cough  and  forested  terrain. 
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Table  B-1 ,  Estimation  of  Temperature  Difference,  F  (54-6  ft  AT).  Before  using  this 
table  refer  to  notes  and  e'xample. 
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Appendix  C 

TOXIC  CHEHICAL  SOURCE  STRENGTH  DETERMINATION 


The  detecnination  of  toxic  chemical  source  strengths  is  not  the  responsibility  of 
weather  personnel.  Unfortunately,  a  toxic  corridor  cannot  be  determined  without  this 
input.  Accurate  toxic  corridor  forecasts  require  that  reasonably  accurate 
parameters,  such  as  source  strength,  be  used  as  inputs  upon  which  the  calculation  can 
be  based.  A  source  strength  estimate  that  is  an  order  of  magnitude  too  small  (i.e., 
10  percent  of  the  true  value)  will  result  in  a  Toxic  Corridor  Length  (TCL)  estimate 
that  is  approximately  30  percent  of  that  resulting  from  the  proper  source  strength 
input.  A  source  strength  estimate  that  is  75  percent  of  its  true  value  will  result 
in  a  TCL  that  is  86  percent  of  that  resulting  from  the  true  input.  Figure  C-1 
displays  the  relationship  between  erroneous  source  strength  inputs  and  TCL  errors. 

Figure  C-1  illustrates  that  corridor  lengths  will  be  within  +10  percent  of  "true* 
as  long  as  source  strengths  are  within  J_20  percent  of  "true,''^  Estimating  source 
strengths  resulting  from  spills  of  toxic  chemicals  is  always  an  extremely  difficult 
task.  Virtually  every  spill  incident  presents  a  completely  new  set  of  conditions 
under  which  the  source  strengths  must  be  determined.  Because  of  the  difficulty 
encountered  in  making  these  estimates,  the  Air  Force  Engineering  and  Services  Center 
has  studied  the  problem,  and  the  eguation  shown  below  was  one  result  of  their  studies 
(Clewell,  1980  and  Ille,  1978). 


0  -  O.OBV^/^  A  (1  +  4.3  X  10“^  Tp^)  Z 


(C-1) 


where  0  » 

V 
A 

^  ■ 

Z 

The  factor  Z 
chemicals  of 


source  strength  in  kg/hr 
'  wind  speed  in  m/s 
spill  area  in 

'  toxic  chemical  pool  temperature  in  degrees  Celsius 

dimensionless  factor  that  depends  upon  the  toxic  chemical 
consideration . 

is  calculated  from  molecular  weights  and  vapor  pressures  of  the 
concern.  The  equation  for  Z  is 


under 

toxic 


P  GMW. 

2  =:  _ ^ _ 

P  GMW, 
h 

where  Py  is  vapor  pressure  (subscript",  b  and  h  represent  the  toxic  chemical  of 
concern  and  hydrazine,  respec  ively) ,  and  GMW  is  the  gram  molecular  weight 
for  the  chemical  of  concern  {■  ubscript  b)  and  for  hydrazine  (subscript  h) . 

The  source  strength  eguation  was  developed  in  terms  of  hydrazine  where  Z 
represents  a  factor  to  be  used  in  converting  the  equation  for  use  with  other  toxic 

chemicals.  It  should  be  apparent  that  Z  equals  1  when  a  ooutce  strength  for 

hydrazine  is  required. 

Except  for  temperature,  which  remains  in  degrees  Celsisus,  the  above  equation  has 
been  converted  to  its  equivalent  in  terms  of  English  units.  This  was  done  to 

maintain  a  consistency  of  units  throughout  this  report.  The  equation  in  terms  of 

source  strength  in  Ib/inin,  with  wind  speed  in  knots,  spili  area  in  square  feet,  aii  1 
pool  temperature  in  degrees  Celsius  is 

0  -  1.66  X  10“'^  A  (1  +  ,.3  x  10-3  Tp^)  Z 

Table  C-1  contains  vapor  pressures,  gram  molecular  weights,  and  Z  factors  for  a 
number  of  toxic  chemicals. 
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Figure  C-1.  Toxic  Corridor  Length  Errors  Resulting  from  .Source  Strength 
Estimation  Errors. 


73 


Table  C-1.  Source  Strength  Factors  (Z) ,  GMW,  auJ  Vapor  Pressures  tor  Selected  Toxic  Chemical 


VAP«R  PRESSURE 


TOXIC  CHEMICAL 

Aerozlne  50  (50%  Hydra¬ 
zine/50%  ODMH) 

Anhydrous  Ammonia 
Aniline 

Bromine  Pentaf luoride 
Carbon  Disulfide 
Carbon  Monoxide 
Chlorine 

Chlorine  Pentif  1  uor ide 
Chlorine  Trifluoridc 
Dlborane 
Ethylene  OxiiU' 

Fluorine 

FLOX 

Fuminq  Nitric  Acid- 
Types  I  6  lA 

Fuming  Nitric  Acid  - 
Types  III.IITA,  IITB 

Hydrazine 

H-70  (V0%  Hydrazine/ 
30%  Water) 

Hydrogen  Clor.i.dc 
Hydrogen  Fluoride 
Hydrogen  Sulfidr 
MAi’  1,  3,  i  4 


7. 

FACTOR 


53.0  N.H  /(CH  »  N  H  16.5 
2  4  3  2  2  2 


10,902 


0.027 

1.861 

0 . 555 

8.487 

584 . 97 

to 

0.  987 

481.60 

14.22 

i 

115.383 

7,952.8 

234.85 

58.76 

4,050.043 

1 19 . 599 

26.6 

i 

1,833.410 

54.141 

1 

27.0  1 

1 

1,860.08 

54.96 

1.21 

83.4 

'  1 

2.46 

2.7 

1 

186.1 

5 . 5 

0.31. 

21.4 

0.63 

UOH .79 

55,746.0 

1,646.2 

18.70 

1,288.94 

38  .06 

320.6 

22,509.0 

664 . 7 

in  Hg 

6.3  80 

321.9  80 


0.555  80  93.1291 

17,27  80  174.8901  BrF,, 


70.139  CS^ 

28.011  CO 

70.906  Cl 2 

no.  445  CIF,^ 

92.448  CIF^ 

16.859  B.,H^ 

2  6 

44.054  C,H,0 

2  4 

37.997  );\ 

1.1.798  1-2/02 

01.011  UNO., 


03.013  HNO^ 

32.045  N.,H. 

2  4 


27.832 
30,461  HCl 
20.000  IlF 


(  Z  0.4,  0,2,  and  0.0  for  H-AF  1,  3,  and|4  respectively) 


Methylene  Chloride 

8.99 

610.6 

Monomethylhydrazine 

(MMH) 

1 .0 

68.9 

Nitrogen  Dioxide 

15.70 

1,082.35 

Nitrogen  Tetroxide 

14.6 

1,000.3 

Oxygen  Difuloride 

4306.0 

290,795.0 

I'ctchloryl  Fluoride 

176.1 

12,137.7 

18.3  81 


84.9111  CH^Cl^ 


2.04  80  40.072  CH^NHNH^ 

11.90  80  40.000  NO^ 

29.72  70  92.011  N.^0^ 

,704.4  80  53.996  OK^ 

358.4  77  102.450  UlO^F 


REMARKS 
iHixed  50/50% 


0.333 

2903.9 

37.6 

1118.0 


Mixed  30/70% 
WFNA/IWFNA 
KFNA/1 KFNA 


M.ixcd  70/30% 

Pre.ssur  ized 
Gas  Only 


Pentaborane 
Sulfur  Dioxide 
Trichloroethylene 

Tr ichiorotr if luoro- 
ethane 

Unsyimnet r ic.'il  Oi- 
methylhyd.raz ine  (UDMH) 
Nitrogen  Trifluoride 


275,7 

3,793.0 

80.0 


8.14  77 

112.03  80 


03.12/1  B,.Hg 


4.0 
100.0 
135.0 
>1, 309.2 
1813.3 
25.4 
354.4 
I  15.3 


Pressurized 
Gas  Only 


2.30  |C9.8  h31..389  CllCircl,, 


77  |187.377|  CCI^FCCIF^ 


0.1  j  80  00.099  j' 2^2’’2  I 


71.0021  HF. 
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Appendix  D 


TOXIC  CORRIDOR  LENGTH  AS  A  FUNCTION 
OF  TEMPERATURE  DIFFERENCE  ERRORS 


Toxic  corridor  length  calculations  are  quite  sensitive  to  temperature  difference 
(delta-T)  values  that  are  used.  The  sensitivity  is  greatest  when  the  atmosphere  is 
unstable,  i.e.,  delta-T  <0.  The  sensicivity  decreases  as  delta-T  increases.  If  the 
procedures  for  estimating  delta-T  are  properly  followed,  any  error  should  normally 
not  be  more  than  1°F.  If  an  error  results  when  delta-T  is  estimated  through  use  of 
Table  B-1  in  Appendix  B,  the  eTor  will  most  likely  be  in  a  positive  sense,  e.g.,  a 
"true"  delto-T  of  O^F  might  be  estimated  as  +10F.  For  this  reason,  toxic  corridor 
lengths  will  usually  be  on  the  conservative  or  safe  side,  i.e.,  the  corridor  lengths 
will  be  longer  than  necessary  rather  than  shorter. 

A  positive  1*^F  error  when  the  "true”  delta-T  is  -3®F  (i.e.,  delta-T  estimated  as 
-2°F)  will  result  in  a  40  percent  overestimation  of  the  corridor  length.  An  error  in 
the  opposite  sense,  i.e.,  delta-T  estimated  as  -40F,  will  cause  the  same  corridor 
length  to  be  underestimated  by  32  percent. 

When  the  "true"  delta-T  is  positive,  corridor  length  errors  arc  smaller  for 
similar  errors  in  estimating  delta-T.  Suppose  the  "true"  delta-T  is  6°F  and  the 
estimate  is  B^F.  The  toxic  corridor  will  be  underestimated  by  15  percent. 
Conversely,  a  7°F  estimate  of  delta-T  would  result  in  a  corridor  length  that  is  too 
large  by  17  percent. 

Figure  D-1  graphically  displays  the  resulting  toxic  corridor  error  percentages  as 
a  function  of  "true"  delta-T  and  the  error  (E)  that  might  occur  in  estimates.  The 
error  (E)  ranges  from  -3°F  to  +30F.  An  examination  of  the  potential  errors  in  toxic 
corridor  lengths  that  might  result  from  errors  in  estimating  delta-T  clearly  signals 
the  importance  of  using  the  best  estimates  of  dolta-T.  Note  that  positive  errors  in 
delta-T  may  result  in  excessive  evacuations  of  populated  areas  while  negative  delta-T 
errors  could  result  in  insufficient  evacuations  and  a  possibility  of  casualties  in 
some  nonevacuated  areas. 
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Appendix  C 

EXAMPLE  TOXIC  CORRIDOR  PROBLEMS 

1.  Situation:  Spill  of  Anhydrous  Ammonia 
Spill  Area:  Unknown 
Time  of  Day:  Sunset 
Sky:  Clear 

Ambient  Air  Temp:  IQOC 

Wind  Speed/Diiection:  6  kt/235  degrees;  from  Figure  B-2(c) 
Wind  Variability  (R) ;  65  degrees;  from  Figure  B-2(c) 

Delta-T!  QOF;  from  Table  B-1 
GMW:  17.03;  from  Table  33 

Exposure  Limit:  75  PPM;  SPEL  from  Table  33 
Source  Strength:  1000  Ib/min;  estimated  by  DRF 

TOXIC  CORRIDOR  LENGTH  (FT)  AMD  WIDTH  (DEGREES) 


Het.lod  1 

Method  2 

Method  3 

Method  4 

Length 

910E 

9143  (Table) 

9360  (Figure) 

9500 

9108 

Width  (1.5R) 

980 

980 

98° 

980 

For  Method  2:  CP  -  0.78  (Table  33  or  Figure  3) 

DF  "  11,722  (Table  34) 

DF  >  12,000  (Figure  4) 

X  -  CF  *  DF 

2.  Situation:  Spill  of  Aluminum  Fluoride  (AIF3) 

Spill  Area:  Unknown 

Time  of  Day:  Midnight 

Sky:  Clear  (no  enow  on  ground) 

Ambient  Air  Temp:  20^0 

Wind  Speed/Direction:  6  kt/235  degr.ea;  from  Figure  B-2(c} 

Wind  Variability  (R) ;  65  degrees;  from  Figure  B-2(r) 

D*l‘--T:  5®F;  from  Table  B-1 

CHW:  83.98;  'rom  BEE 

Exposure  Limir:  10  mg/m'*  30-min  Emergency  Exposure  Limit  (No  SPEL  exists) ;  from 
BEE 

SouiTce  Strength:  100  Ib/min;  from  DRF 

*  10  mg/m^  converts  to  2.9  PPM  by  volume.  See  "Exposure  Limit"  in  Glossary  for 

conversion  procedures. 
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TOXIC  CORRIDOR  LEHGTH  (FT)  AND  WIDTH  (DEGREES) 


Method  1 

Method  2 

Method 

2 

Method  4 

Length 

Mo  Table 

18,264  (Table) 
18,300  (Figure) 

18,000 

(Figure  6) 

18,246 

Width  (1.5R) 

980 

080 

98® 

980 

rot  Method  2: 


CF  •  1.83  (Piqure  3) 

CP  ••  1.82  (Equation) 

OF  -  10,035  (Table  34) 

DP  >  10,000  (Figure  4) 


X  -  CP  •  DF 


3.  Situationx  Spill  of  Bydrcsine 
Spill  Areai  4000  feet^ 

Tiae  of  Dayt  Sunrise 
Skyi  Clear 

Aabient  Air  Teap:  24°C 

Wind  Speed/Dik’ectioni  11  kt/335  degrees 

Wind  Variability  (R) s  120  degreesi  froa  Figure  B-2(d) 

Delta-T:  QOp  ' 

GMWt  32.045 

Exposure  Liait:  20  ?PN;  SPBL  froa  Table  33 
Source  Strength:  14  Ib/ain;  froa  Appendix  C 


TOXIC  CORRIDOR 

LENGTH  (FT)  AND 

WIDTH  (DEGREES) 

Method  1 

Method  2 

Method  3 

Method  4 

Length 

1504 

1510  (Table) 
1430  (Figure) 

1400 

1452 

Width  (1.5R) 

1800 

1800 

1800 

1800 

For  Method  2 : 

CF  ■  1.1)  Figure  3 

CP  -  1.11 1  Table  33 
DF  -  13601  Table  34 
DP  •  1300)  Figure  4 
X  -  CP  •  DP 
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Append  lx  F 

SPECIAL  TOXIC  CORRIDOR  TABLES  FOR  TITAN  II  SITES 


This  appendix  contains  additional  Toxic  Corridor  Tables  for  use  with  Method  1. 
They  have  been  included  because  of  speci  il  requirements  for  multi  tyi  es  of  hazard 
corridors  at  TITAN  II  missile  sites.  Nc ‘:e  that  tables  based  upon  10-,  30-,  and 
6.1  -  minute  Short-Term  Public  Emergency  Limit  (SPEL)  have  been  provided  for 
Nitrogen  Tetroxide,  Hydrazine,  and  UDMH.  Also  the  10-minute  Short-Term  Public  Limit 
(STPL)  was  used  to  produce  tables  for  Ni'  ogen  Tetroxide  and  UDMH.  These  tables  are 
also  contained  in  SACS  355-5. 
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3700  5500  7700  10300  13500  17100  21300  26100  31500  37500  44100  51400  59400  68100  77500 

4800  7100  10000  13400  17500  22200  27700  33900  40900  48700  5730C  66800  77100  88500  100700 


Appendix  G 

TABLE  OF  THE  ELEMENTS 

ATOMIC  WEIGHT 


ELEMENT 

SYMBOL 

ATOMIC  NUMBER 

<M 

II 

o 

actinium 

Ac 

39 

— 

aluminum 

A1 

13 

26.3815 

americium 

Am 

95 

— 

antimony 

Sb 

51 

121.75 

argon 

Ar 

18 

39.948 

arsenic 

As 

33 

74.9216 

astatine 

At 

85 

— 

barium 

Ba 

56 

137.34 

berkelium 

Bk 

37 

— 

beryllium 

Be 

4 

9.01218 

bismuth 

Di 

83 

208.9306 

boron 

B 

5 

10.81 

bromine 

Br 

35 

79.904 

cadmium 

Cd 

48 

112. 40 

calcium 

Ca 

20 

40.08 

californium 

Cf 

38 

— 

carbon 

C 

6 

12.011 

cerium 

Ce 

58 

140.12 

cesium 

Cs 

55 

135.9055 

chlorine 

Cl 

17 

35.453 

chromium 

Cr 

24 

51.996 

cobalt 

Co 

27 

53.9332 

columbium 

Cb 

(see  niobium) 

— 

copper 

Cu 

29 

63.546 

curium 

Cm 

96 

— 

dysprosium 

Dy 

66 

162.50 

einsteinium 

Es 

99 

— 

erbium 

Er 

68 

167.26 

europium 

Eu 

63 

151.96 

fennium 

Fm 

100 

— 

fluorine 

F 

9 

18,9984 

francium 

Fr 

87 

— 

r  j 

1  CT  -IC 

gaaorj-iiluni 

\3KA 

u 

A 

gallium 

Gd 

31 

69,72 

germanium 

Ge 

32 

72.59 

gold 

Au 

79 

196.9665 

hafnium 

H£ 

72 

178.49 

helium 

He 

2 

4.00260 

holmium 

Ho 

67 

164.9303 

hydrogen 

H 

1 

1.0080 

88 


ELEMENT 

SYMBOL 

ATOMIC  NUMBER 

ATOMIC  WEIGHT 
(C  =  12) 

indi’uin 

In 

49 

114.82 

iodine 

I 

53 

126.9045 

iridium 

Ir 

77 

192.22 

iron 

Pe 

26 

55.847 

krypton 

Kr 

36 

83.80 

lanthanum 

La 

57 

138.9055 

iawrencium 

Lr 

103 

-- 

lead 

Pb 

32 

207.2 

lithium  ' 

Li 

3 

6.941 

lutetium 

Lu 

71 

174.97 

magnesium 

Mg 

12 

24.305 

manganese 

Mn 

25 

54.9380 

mendelevium 

Md 

101 

—  — 

mercury 

Hg 

80 

200.59 

molybdenum 

Mo 

42 

95.94 

neodymium 

Nd 

60 

144.24 

neon 

Ne 

10 

20.179 

neptujiium 

Np 

93 

237.0482 

nickel 

Ni 

28 

58.71 

niobium 

Nb 

41 

92.9064 

nitrogen 

N 

7 

14.0067 

nobelium 

No 

102 

osmium 

Os 

76 

190.2 

oxygen 

0 

8 

15.9994 

palladium 

Pd 

46 

106.4 

phosphorus 

P 

15 

30.9738 

platinum 

Pt 

78 

195.09 

plutonium 

Pu 

94 

Ijolonium 

Po 

84 

potassium 

K 

19 

39.102 

praseodymium 

Pr 

59 

140.9077 

promethium 

Pm 

61 

■“  ” 

protactinium 

Pa 

91 

231.0359 

radium 

Ra 

SB 

226.0254 

radon 

Rn 

86 

— 

rheiiiuui 

13*^ 

75 

186.2 

AV««. 

rhodium 

Rh 

45 

102.9055 

rubidium 

Pb 

37 

85.4678 

ruthenium 

Ru 

44 

101.07 

samarium 

Sm 

62 

150.4 

scandium 

Sc 

21 

44.9559 

selcri  ium 

Se 

34 

78.96 

silicon 

Si 

14 

28.086 
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ELEMENT 

SYMBOL 

ATOMIC  NUMBER 

ATOMIC  WEIGHT 
(C  =  12) 

silver 

Ag 

47 

107.868 

sodiuio 

Na 

11 

22.9898 

strontium 

Sr 

38 

87.62 

sulfur 

3 

16 

32.06 

tantalum 

Ta 

73 

180.9479 

technetium 

Tc 

43 

98.9062 

tellurium 

Te 

52 

127.60 

terbium 

Tb 

65 

158.9254 

thallium 

Tl 

81 

204.37 

thorium 

Th 

90 

232.0381 

thulium 

Tm 

69 

168.9342 

tin 

Sn 

50 

118.69 

titanium 

Ti 

22 

47.90 

tungsten 

W 

74 

183.85 

urmium 

U 

92 

238.029 

vanadium 

V 

23 

50.9414 

wolfram 

w 

(see  tungsten) 

— 

xenon 

Xe 

54 

131.30 

ytterbium 

Yb 

70 

173.04 

yttrium 

Y 

39 

88.9059 

zinc 

Zn 

30 

65.37 

zirconium 

Zr 

40 

91.22 
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GLOSSARY  OF  TERMS,  ABBREVIATIONS,  AND  SYMBOLS 


TERMS 


Delta-T ,  Temperature  difference  between  heights  of  54  and  6  feet. 

Emergency  Exposure  Limit  (EEL) .  A  short-term  exposure  limit  which  is  used  in  an 
accidental  release  of  a  toxic  chemical.  These  releases  should  be  rare.  The  workers 
ace  knowledgeable  of  possible  exposure  and  are  subjected  to  periodical  medical 
examination.  These  limits  were  established  by  a  panel  of  experts  appointed  by  the 
National  Academy  of  Sciences  -  National  Research  Council,  Committee  on  Toxicology. 
Concentrations  are  such  that  reversible  toxic  effects  and  discomfort,  short  of  actual 
incapacitation,  may  well  occur. 

Exposure  Limit.  An  atmospheric  concentration  of  a  toxic  chemical  that  must  not  be 
exceeded.  Exposure  limits  are  established  for  the  industrial  community  and  the 
general  public.  Some  of  these  include  the  Short-Term  Public  Emergency  Limit  (SPEL) . 
Emergency  Exposure  Limit  (EEL),  and  Short-Term  Public  Limit  (STPL)  .  Exposure  limits 
may  be  expressed  in  Parts  ^er  Million  (PPM)  by  volume  or  in  mass  per  unit  volume 
(e.g.,  milligrams  per  cubic  meter).  Since  the  techniques  contained  in  this  report 
call  for  exposure  limits  in  PPM,  the  conversion  factors  listed  below  may  be  used  to 
convert  to  PPM  from  mass  per  unit  volume  units; 

To  convert  to  PPM  (Vol)  from 
mg/m-^,  multiply  by  24.3/GMW  or  from 
ug/m^,  multiply  by  2.43  x  IO'^/cmw 

where  GMW  is  the  gram  molecular  weight  of  the  toxic  chemical  for  which  the  exposure 
limit  applies. 

Hazard  Corridors.  The  term  "hazard"  is  frequently  used  interchangeably  with  the  term 
"toxic"  when  reffienct-  is  made  to  a  corridor  to  be  evacuated  as  the  result  of  a 
release  into  the  atmosphere  of  a  toxic  and,  occasionally,  explosive  chemical,  A 
hazard  corridor  considers  both  toxic  and  explosive  risks  to  the  public  and  will  be 
the  larger  corridor  determir\ed  from  the  appropriate  considerations.  If  the  corridor 
determined  from  oxplcsive  considerations  is  contained  within  that  determined  from 
toxic  considecationa,  the  hazard  corridor  will  be  identical  to  the  toxic  corridor. 
Weather  personnel  will  be  involved  only  with  calculating  "toxic"  corridors  which  may 
or  may  not  be  determined  to  be  "hazard"  corridors  by  appropriate  disaster  response 
personnel . 

Ocean  Breeze  and  Dry  Gulch  Equation.  This  is  an  equation  developed  at  the  Air  Force 
Cambridge  Research  Laboratories  (now  the  Air  Force  Geophysics  Laboratory)  to 
determine  downwind  peak  concentration  of  airborne  contaminants  from  a  continuous 
point  source.  This  empirically  derived  equation  was  developed  from  data  collected 
during  extensive  diffusion  experiments  with  tracer  releases  simulating  ground-level 
continuous  point  sources.  Using  independent  data,  the  normalized  peak  concentrations 
obtained  from  this  equation  have  been  found  to  be  accurate  within  a  factor  of  two,  65 
percent  of  the  time  and  within  a  factor  of  four,  94  percent  of  the  time.  The 
equation  is 

-4  _i  qs  4  q? 

Cp/Q  -  1,75  X  10  '  X  (AT  +  10)’*^'^ 

This  report  is  concerned  with  downwind  distance,  X,  at  which  a  predetermined 
concentration,  Cp,  will  occur  for  a  known  source  strength,  0,  and  temperature 
difference,  delta-T  (AT).  The  equation  above  was  inverted  and  solved  for  the 
downwind  distance  X,  In  the  process,  appropriate  changes  were  m.ide  to  the 

coefficient  to  convert  from  metric  units  to  English  units  and  a  factor  was  added  to 
convert  Cp/Q  from  units  of  seconds  per  cubic  meter  to  units  of  I’PM  per  Ib/min,  The 
converted  equation,  which  was  used  to  generate  the  Toxic  Corridor  Length  Tables  in 
this  rept rt  is 
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*  -  ^3.28  (.T  .  10)^-53] 


where  X  =  downwind  distance  in  feet.  As  used  here,  this  distance  defines  a  toxic 
corridor  length. 

P  =  a  probability  factor  used  to  determine  the  probability  that  a  specified 
concentration  is  not  exceeded  outside  the  corridor.  Calculations  in  this 
report  assume  a  90-percent  probability;  therefore,  P  is  equal  to  1.63. 
Probability  factors  corresponding  to  other  probabilities  can  be  found  in 
Table  35. 


GMW  =  gram  molecular  weight  of  the  toxic  chemical. 

C  =  peak  concentration  in  parts  per  million  by  volume  (PPM)  at  a  height  of  ap- 
^  proximately  5  foot  above  the  ground  at  a  given  downwind  travel  distance,  X, 
in  feet.  By  definition,  this  peak  concentration  occurs  on  the  axis  of  the 
diffusing  cloud.  Toxic  corridor  lengths  are  calculated  by  using  a  speci¬ 
fied  exposure  limit  for  C  in  the  above  equation. 


Q  =  source  strength  in  Ib/min. 


^T  =  the  temperature  in  at  54  feet  minus  the  temperature  at  6  feet  (NOTE;  A 
negative  AT  means  a  decrease  of  temperature  with  height  and  a  positive  AT 
means  an  increase  with  height.) 


Operational  Toxic  Corridor.  (This  term  was  established  by  the  Strategic  Ait  Command 
In  connection  with  T^ITAN  missile  operations.)  If  an  actual  propellant  spill  or 
mishap  occurs,  an  operational  toxic  (or  "hazard"  as  it's  sometimes  called)  corridor 
will  be  required.  The  calculated  corridor  will  be  periodically  updated  as 
meteorological  and/or  source  strength  information  becomes  more  clearly  defined. 


Propellant  Emission  Corridor.  (This  term  was  established  by  the  Strategic  Ait 
Command  In  connection  with  TITAN  missile  operations.)  This  corridor,  which  was 
formerly  termed  the  "Intentional  Released  Corridor,"  will  be  established  when  planned 
emissions  of  propellants  are  to  occur  (e.g.,  tank  venting  or  purging  operations).  As 
this  is  a  scheduled  occurrence,  a  determination  must  be  made  as  to  whether  the 
planned  task  can  be  performed  without  unacceptable  exposure  to  the  general  public. 

Potential  Toxic  Corridor.  (This  term  was  established  by  the  Strategic  Air  Command  in 
connection  with  TITAN  missile  operations.)  This  corridor,  which  is  sometimes 
referred  to  as  a  “Potential  Toxic  Corridor,"  will  be  calculated  when  propellants  are 
in  a  nonstatic  mode  where  no  release  of  propellant  to  the  environment  is  planned. 
This  corridor  should  be  updated  as  meteorological  and/or  potential  source  strengths 
change  during  an  operation. 


Public  Emergency  Limit  (PEL).  See  Short-Term  Public  Emergency  Limit  (SPEL) .  The 
Committee  on  Toxtcolo'gy  (1979)  renamed  PELS  as  SPELs  to  avoid  possible  confusion  with 
the  OSHA  term  "permissible  exposure  limit," 


Short-Term  Public  Emergency  Limit  (SPED.  This  expo.sure  limit  will  normally  be  used 
in  caleu]  =it 1 nq  Potential  and  Operational  Toxic  Corridors  at  TITAN  missile  sites.  It 
is  a  short-term  exposure  limit  which  is  used  in  an  accidental  release  of  a  toxic 
chemical  involving  the  general  public.  These  releases  are  expected  to  be  rare 
events.  A  SPEL  assumes  that  some  temporary  discomfort  may  accrue  to  the  public,  but 
that  any  effect  resulting  from  the  exposure  is  reversible  and  without  residual 
damage.  These  limits  were  established  by  a  panel  of  experts  appointed  by  the 
National  Academy  of  Sciences  -  National  Research  Council,  Committee  on  Toxicology. 
Consultation  with  members  of  this  panel  led  to  the  selection  of  the  exposure  limits 
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used  in  this  report.  The  Committee  on  Toxicology  recently  renamed  the  "PEL"  to 
"SPEL"  for  "Short-Term  Public  Emergency  Limit."  This  was  done  to  prevent  confusion 
with  the  OSHA  "Permissible  Exposure  Limit"  which  has  a  different  meaning  and  intended 
use.  Ill  some  cases  whore  the  Committee  on  Toxicology  has  not  established  a  SPEL  but 
has  established  an  Emergency  Exposure  Limit  (EEL),  this  report  has  conservatively 
estimated  the  GPEL  as  a  fraction  of  the  EEL.  For  example,  a  30-minute  SPEL  may  have 
been  estimated  as  10  ppm  or  1/5  of  50  ppm,  the  30-minute  EEL  for  that  chemical. 

Short-Term  Public  Limit  (STPL) .  This  is  an  exposure  limit  that  will  normally  be  used 
to  compute  Propellant  Emission  Corridors  at  TITAN  missile  sites.  Several  tables  for 
10-minute  STPLs  are  published  in  Appendix  F  primarily  for  use  by  weather  personnel 
supporting  SAC  TITAN  missile  sites. 

Solar  Elevation.  The  angle  between  the  sun  and  the  horizon. 

Source  Strength  (SS  or  Q)  .  The  rate  in  mass  per  unit  time,  expressed  in  this  report 
in  pounds  pet  minute,  at  which  a  toxic  chemical  is  released  into  the  atmosphere.  The 
source  strength  of  a  liquid  spill  of  toxic  chemical  is  determined  by  its  rate  of 
evaporation . 

Temperature  Difference  (delta-T) .  The  temperature  change  in  the  vertical.  Delta-T 
IS  used  to  estimate  the  stability  of  the  lower  atmosphere  and,  thus,  the  amount  of 
vertical  mixing.  Table  B-1  is  based  on  delta-T  values  calculated  by  subtracting  the 
temperature  (°F)  at  6  feet  above  ground  from  the  temperature  at  54  feet  above  ground. 


Toxic  Chemical .  The  chemical  which  could  constitute  a  health  hazard,  if  it  is 
released  into  the  atmosphere. 

Toxic  Corridor.  The  area  within  which  the  forecast  concentration  of  a  toxic  chemical 
equals  or  exceeds  a  specified  exposure  limit.  Toxic  corridors  are  expressed  in  terms 
of  length  (X)  in  feet  and  width  (W)  in  degrees  of  azimuth. 

Wetted  Area.  Surface  area  covered  by  a  spilled  liquid  chemical. 

Wind  Variability  (R) .  As  used  in  this  report,  R  is  the  difference  in  degrees  between 
the  third  largest  fluctuation  on  each  side  of  the  mean  wind  direction  when  a 
10-minute  wind  direction  trace  is  used.  As  an  approximation  to  this  when  only  a 
2-minute  observation  of  a  wind  direction  indicator  is  available,  R  is  the  difference 
in  degrees  between  the  largest  fluctuation  on  each  side  of  the  mean  wind  direction, 
R  is  an  index  of  the  lateral  diffusion  of  a  toxic  chemical  in  the  atmosphere. 
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ABBREVIATIONS  AND  SYHBOI.S 


& 

AFGL 

AWS 

BEE 

Cp 


D 

Delta  T 

DP 

AT 

DRF 

E 

EEL 
GMW 
in  Hg 
mg 

mb 

P 

PEL 

PPAR 

PPM 

psi 

Pv 

Q 

R 

SPEL 

SS 

STPL 

Tp 

TC 

TCL 

V 

w 

X 

z 


Area 

Air  Force  Geophysics  Laboratory 
Air  Weather  service 
Bioenvironaental  Engineer 

Peak  concentration  of  an  airborne  toxic  chemical  -  See  Ocean  Dreexe  and 
Dry  Gulch  equation  in  the  Glossary  o£  Terms  for  more  information  on  this 
term. 

Chemical  Factor 

Mean  wind  direction  in  degrees  of  aximuth 

Temperature  differential  between  54-  and  6-foot  heights 

Diffusion  Factor 

Same  as  Delta-T 

Disaster  Response  Force 

Error  (see  Figure  D-1) 

Emergency  Exposure  Limit 
Gram  Molecular  Weight 
Inches  of  Mercury 
Milligram  (10~^  gram) 

Microgram  (10“®  gram) 

Millibar 

Probability  factor  (see  Table  35) 

Public  Emergency  Limit;  replaced  by  SPEL 

Percent  Parameter.  This  is  the  same  as  the  probability  factor  (P) .  (See 
Table  35) 

Parts  per  million  by  volume 
Pounds  per  square  inch 
Vapor  Pressure 

Source  strength  in  mass  per  unit  time 

Wind  direction  variability  in  degrees 

Short-Term  Public  Emergency  Limit;  replaced  PEL 

Source  strength  in  mass  per  unit  time 

Short-Term  Public  Limit 

Toxic  Chemical  pool  temperature  in  °C 

Toxic  Corridor 

Toxic  Corridor  Length 

Wind  Velocity 

Toxic  Corridor  Width  in  degrees  of  azimuth 
Downwind  distance  in  feet 

Source  strength  correction  factor  for  evaporative  sources  (See  Appendix 
C) 


94 


SI447IW 


TOXIC  CORRIDOR  WORKSHEET 


Haiie  of  Chemical _ 

1.  Source  strength  _ Ibs/wln  (from  environmental  health  service, 

disaster  response  force,  or  estimated) 

2.  54-6  foot  delta-T  _ (from  instrument  or  table) 

3.  Toxic  Corridor  length _ feet  (from  toxic  corridor  table) 

4.  Mean  surface  wind  _ _ ;  wind  variability  (R) _ j _ 

degrees  (from  wind  tr ac^ ,  instrument  dial,  or  estimated) 

5.  Corridor  width  (W) _ degrees  (W  “  1.5R) 

6.  Toxic  corridor  plot 

7.  Surface  wind  trend  forecast  no  change/change  to  o/  kt) 
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